Transport infrastructure invest- ments and decision support sys- tems by Moshøj, Claus Rehfeld
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 18, 2017
Transport infrastructure invest- ments and decision support sys- tems
Moshøj, Claus Rehfeld; Leleur, Steen; Nielsen, Otto Anker
Publication date:
1998
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Moshøj, C. R., Leleur, S., & Nielsen, O. A. (1998). Transport infrastructure invest- ments and decision support
sys- tems. Kgs. Lyngby, Denmark: Technical University of Denmark (DTU).
Transport infrastructure invest-
ments and decision support sys-
tems
Claus Rehfeld
&ODXV5HKIHOG
3ODFHULQJ 6HULHU,)3UDSSRUW
(PQHRUG *,6
*,67
7UDIILFSODQQLQJ
7UDQVSRUW
'HFLVLRQ6XSSRUW
(YDOXDWLRQ
$SSUDLVDO
6FHQDULR
0XOWLPRGDO
,PSDFWDVVHVVPHQW
$LUSROOXWLRQ
(QYLURQPHQW
'HQQHSXEOLNDWLRQHUXGJLYHWDI
,QVWLWXWIRU3ODQO JQLQJ,)3
'DQPDUNV7HNQLVNH8QLYHUVLWHW
5DSSRUW
8GJLYHWDI,QVWLWXWIRU3ODQO JQLQJLHNVHPSODUHU
)RUKDQGOHVDI,)3%HQWH6YHQVVRQ
WOI
3ULVSUELQGNUH[FOPRPV
,661
,6%1
&ODXV5HKIHOG
, $FNQRZOHGJHPHQWV
7KLV UHSRUW SUHVHQWV WKH PDLQ UHVXOWV RI P\ 3K'VWXG\ DW WKH ,QVWLWXWH RI 3ODQQLQJ
7UDQVSRUW6WXGLHVDWWKH7HFKQLFDO8QLYHUVLW\RI'HQPDUN7KHVWXG\SHULRGODVWHGIURP
0D\WR$SULO,QDGGLWLRQ WR WKLV UHSRUWDQDEVWUDFWKDVEHHQDFFHSWHG WR WKH
WK(XURSHDQ&RQIHUHQFHRI WKH5HJLRQDO6FLHQFH$VVRFLDWLRQ LQ9LHQQD$XJXVW
)RXUDGGLWLRQDOSDSHUVKDYHEHHQSXEOLVKHGFRYHULQJHOHPHQWVRI WKH ILQGLQJV IURP WKH
VWXG\7KHVHDUHOLVWHGLQWKHRYHUYLHZRIDFWLYLWLHV
$ORQJVLGH WKH 3K'VWXG\ , KDYH KDG WKH SOHDVXUH RI ZRUNLQJ RQ WKH (81(7 DQG
&2'(7(1 SURMHFWV IXQGHG E\ WKH (XURSHDQ 8QLRQ DV SDUW RI WKH WK )UDPHZRUN
3URJUDPPHRQVWUDWHJLFWUDQVSRUWUHVHDUFK
7KH 'DQLVK 7UDQVSRUW &RXQFLO KDV DV SDUW RI WKH *,67 SURMHFW DW WKH ,QVWLWXWH RI
3ODQQLQJILQDQFHGWKHVWXG\
$ QXPEHU SHRSOH KDYH FRQWULEXWHG WR WKH FRPSOHWLRQ RI WKH VWXG\ DQG WKHLU VXSSRUW
LQVSLUDWLRQDQGFRPPHQWVGHVHUYHWREHPHQWLRQHG
)LUVWRIDOO ,ZRXOG OLNH WR WKDQNP\SULPDU\DGYLVRU$VVRFLDWH3URIHVVRU6WHHQ/HOHXU
DQGP\VHFRQGDU\DGYLVHU5HVHDUFK$VVRFLDWH3URIHVVRU2WWR$QNHU1LHOVHQ7KH\KDYH
FRQWULEXWHGWKURXJKRXUH[WHQVLYHGLVFXVVLRQVDVZHOODVE\WKHLUFRPPHQWVRYHUWKHSDVW
WKUHH\HDUV
6HFRQGO\ , ZRXOG OLNH WR WKDQN WKH UHVHDUFKHUV , KDYH KDG WKH SOHDVXUH RI KDYLQJPHW
GXULQJP\WULSVDEURDGDQGZKRKDYHWDNHQWKHWLPHWRLQYROYHWKHPVHOYHVLQYHU\XVHIXO
GLVFXVVLRQV0\WKDQNVJRHVSHFLDOO\WR3URIHVVRU$ODQ3HDUPDQ3URIHVVRU3HWHU0DFNLH
3URIHVVRU&KULVWRSKHU1DVK/HFWXUHU 6XVDQ*UDQW0XOOHU DQG -RKQ1HOOWKRUS DOO IURP
WKH8QLYHUVLW\RI/HHGVIRUDPHPRUDEOHVWD\DWWKH,QVWLWXWHRI7UDQVSRUW6WXGLHV,76,
ZRXOG OLNH DOVR WR WKDQN WKH PDQ\ UHVHDUFKHUV IURP WKH (XURSHDQ WUDQVSRUW UHVHDUFK
FRQVRUWLDIRUPDQ\FODULI\LQJGLVFXVVLRQVDQGWKRXJKWV
7KLUGO\,ZRXOGOLNHWRWKDQNWKH'DQLVK7UDQVSRUW&RXQFLODQGWKHUHVWDGV&RQVRUWLXP
IRUOHWWLQJPHXVHWKHLUGDWDIRUP\DSSOLFDWLRQH[DPSOHRI6($0
)RXUWKO\ , ZRXOG OLNH WR WKDQN WKH PDQ\ HPSOR\HHV DQG VWXGHQWV DW WKH ,QVWLWXWH RI
3ODQQLQJ IRU WKHLU LQVSLUDWLRQ DQG VXSSRUW WKURXJK DOO SKDVHV RI WKH SURMHFW $ VSHFLDO
WKDQNV JRHV WR -DFRE .URQEDN IRU KLV VXSSRUW DQG KHOSIXO FULWLTXH WKURXJK WKH VWXG\
SHULRG DQG WR (ULN 5XGH1LHOVHQ 7KRPDV ,VUDHOVHQ DQG %R*UHY\ IRU WKHLU KHOS DQG
VXSSRUW
/DVWEXWQRW OHDVW,ZRXOGOLNHWRWKDQNP\ZLIH&KULVWLQDIRUWKHVXSSRUWVKHKDVJLYHQ
PHGXULQJWKHVHWKUHH\HDUV
&ODXV5HKIHOG0RVK¡M
,QVWLWXWHRI3ODQQLQJ7UDQVSRUW6WXGLHV
7KH7HFKQLFDO8QLYHUVLW\RI'HQPDUN
$SULO
&ODXV5HKIHOG
&ODXV5HKIHOG
,, 6XPPHU\
7KLVWKHVLVLVDERXWWKHSODQQLQJRIODUJHWUDQVSRUWLQIUDVWUXFWXUHLQYHVWPHQWV7KHWLWOHRI
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6($0DFRPSUHKHQVLYHFRPSXWHUPRGHORIWKHPHWKRGRORJ\KDVEHHQGHYHORSHG(DFK
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GHUSnPRGHOOHULQJHQSn IOHUH QLYHDXHU RI IRUHWDJHU KHUYHG HQ VFHQDULREDVHUHW LQGK\OG
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EDVHUHWSODQO JQLQJHULQNOXGHUHWIRUGHQSUDNWLVNHDQYHQGHOVH6WUXNWXUHQDI6($0VHVL
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VHQIRUKYLONHW\SHUDILQIRUPDWLRQHQVFHQDULREDVHUHWPHWRGLNNDQOHYHUHVRPLNNHNDQ
RSQnV YHG GH WUDGLWLRQHOOHPHWRGHU 6RP HQ QDWXUOLJ GHO DI HQ XGYLNOLQJ LQGHKROGHU RJ
XGQ\WWHU6($0PHWRGLNNHQHNVLVWHUHQGHHYDOXHULQJVPHWRGLNNHUVRPHQGHODIWLOJDQJHQ
3RWHQWLDOHWIRUDQYHQGHOVHQDI6($0WLOHYDOXHULQJHQDIVWRUHLQIUDVWUXNWXULQYHVWHULQJHUHU
EOHYHWXQGHUV¡JWYHGKM OSDIHWFDVHRPHQPXOLJ+DYQHWXQQHOXQGHU.¡EHQKDYQV+DYQ
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PRGHOOHUHDOOHDVSHNWHUYHGSURMHNWHWPHQGHJHQQHPI¡UWHEHUHJQLQJHUYLVHU DW HQ IXOG
6($0DQDO\VHYLONXQQHIRUEHGUHGHQWLOJ QJHOLJHLQIRUPDWLRQRPSURMHNWHWVNRQVHNYHQ
VHURJUREXVWKHGEHW\GHOLJW
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ULQJVPRGHO 'HQQH HNVSRQHULQJVPRGHO DQYHQGHU *,6 Y UNW¡MHU IRU HQ NRQYHUWHULQJ DI
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6KRUWWHUP 8SWR\HDUV 2QDVKRUWWHUPEDVLVDQDQDO\VLVZLOOLQPRVWFDVHVEHDSUHGLFWLRQRU
SURJQRVLV ZKLFK RIIHU WDFWLFDO VROXWLRQV WR D SODQQLQJ SUREOHP
3UHGLFWLRQV RI WKLV NLQG DUH UHOHYDQW WR PLQRU URDG LQIUDVWUXFWXUH
LQYHVWPHQWVVXFKDVE\SDVVURDGVLQUXUDODUHDV
0HGLXPWHUP )URPWR
\HDUV
$PHGLXPWHUPWLPHVFDOHEDVLV LVDVXIILFLHQWO\ ORQJSHULRGRIWLPH
IRU WKH IXOO HIIHFW RI D VWUDWHJLF GHFLVLRQ WRPDWHULDOLVH (TXDOO\ WKH
YDULDEOHVPD\ZHOOGHYHORSRYHUWLPH7KLVRSHQVIRUWKHSRVVLEOHXVH
RIVFHQDULRV+RZHYHUSURJQRVHVKDYHDQGSUREDEO\ZLOOFRQWLQXHWR
EH XVHG IRU WKLV WLPH VSDQ 3URJQRVHV RI WKLV W\SH VKRXOG LQFOXGH
TXLWHVXEVWDQWLDOVHQVLWLYLW\WHVWLQJRINH\YDULDEOHV
/RQJWHUP 0RUHWKDQ
\HDUV
/RQJWHUPSODQQLQJGLIIHUVIURPWKHPHGLXPWHUPE\WKHH[WHQVLYH
QHVV RI WKH SRVVLEOH SROLWLFDO WHFKQRORJLFDO HFRQRPLFDO VRFLDO DQG
HQYLURQPHQWDO FKDQJHV ERWK LQ VWUXFWXUDO UHODWLRQVKLSV VLQJOH
YDULDEOHV DV ZHOO DV SDUDPHWHUV ,Q VXFK D SODQQLQJ HQYLURQPHQW
VFHQDULRVDUHKHOSIXOLQZLGHQLQJWKHVFRSHRIWKHDQDO\VHV
$SURJQRVLVZLOORIWHQRSHUDWHLQDVKRUWWRPHGLXPWHUPWLPHIUDPHZKHUHDVVFHQDULRV
DUH FKDUDFWHULVHGE\ WKHLU UDWKHU ORQJ WLPHKRUL]RQ$ ¶UXOHRIWKXPE· IRU WKH XVH RI
SURJQRVHV DQG VFHQDULRV LV WKDW SURJQRVHV VKRXOG EH XVHG RYHU D SHULRG RI WLPH LQ
ZKLFKVWDELOLW\ZLWKUHVSHFWWRWKHVWDUWLQJSRLQWLVOLNHO\$VFHQDULRRQWKHRWKHUKDQG
VKRXOGKDYHDWLPHKRUL]RQRIDW OHDVWWKHVDPHOHQJWKDV WKHHFRQRPLFREOLJDWLRQRI
WKH SURMHFW RU D WLPH KRUL]RQ LQ ZKLFK WKH FKDQJHV GHVFULEHG LQ WKH VFHQDULR DUH
SUREDEOH VHH HJ /LQQHPDQ5(	.HQQHO -'  ,Q SUDFWLFH WKH ERUGHUOLQH
EHWZHHQ ZKHQ WR VWDUW XVLQJ VFHQDULRV DQG WR VWRS XVLQJ SURJQRVHV ZLOO RIWHQ EH
EOXUUHG
 /21*5$1*(3/$11,1*81'(581&(57$,17<
6RFLDO FRVWEHQHILW DQDO\VLV 6&%$ LV DQ H[DPSOH RI WKH UDWLRQDO FRPSUHKHQVLYH
SODQQLQJ DSSURDFK 7KH REMHFWLYH RI UDWLRQDO FRPSUHKHQVLYH SODQQLQJ LV WKH RSWLPDO
XVHRI OLPLWHG IXQGV7KHPHWKRGRORJ\ LV FRPSUHKHQVLYH LQ WKH VHQVH WKDW LW DLPV DW
LQFRUSRUDWLQJDOOYDOXHVRSSRUWXQLWLHVDQGFRQVHTXHQFHVZKLFKUHODWH WR WKHSODQQLQJ
SUREOHPDQGREMHFWLYHV,QWKHZRUGVRI5RVHQKHDGD´WKHSXUHUDWLRQDOFRPSUHKHQ
VLYHPHWKRGRORJ\SXWV LWV HPSKDVLV RQSUHGLFWLRQDQG FHUWDLQW\DQGQHJOHFWV WKH SUREOHPVZKLFKPD\
UHVXOWIURPXQFHUWDLQWLHV«VHQVLWLYLW\DQDO\VLVLVDSDUWLDOH[FHSWLRQWRWKLVUXOH%XW«LWLVFDUULHGRXW
3DJH 3DUW,
&ODXV5HKIHOG
RQGHFLVLRQVDOUHDG\VLQJOHGRXWDVRSWLPDOµ7KLVRSWLPLVLQJSODQQLQJDSSURDFKLVDWULVNRI
UHGXFLQJWKHEUHDGWKRIWKHSODQQLQJH[HUFLVH
,Q WKHVKRUWWHUPRSWLPLVLQJSODQQLQJ LVD IHDVLEOHDOWHUQDWLYH WRYHU\ FRPSUHKHQVLYH
ORQJ UDQJHSODQQLQJ6KRUWWHUPRSWLPDO SODQQLQJ VROXWLRQV DUH KRZHYHUQRWZLWKRXW
LQIOXHQFHLQWKHORQJWHUP6FKRIHU	6WRSKHULGHQWLILHGVRPHLPSRUWDQWSRLQWV
FRQFHUQLQJWKHLQWHUDFWLRQEHWZHHQORQJUDQJHDQGVKRUWWHUPSODQQLQJDGDSWHGIURP
6FKRIHU-/	6WRSKHU35
• 6KRUWWHUPDFWLRQVKDYHORQJWHUPLPSDFWV
 7KH IDLOXUH WR DVVHVV WKH ORQJWHUP LPSDFWV RI VKRUW WHUP DFWLRQVPD\ ZHOO OHDG WR WKH
DGDSWDWLRQRIVKRUWWHUPVWUDWHJLHVWKDWLQWKHSUHVHQWFRQWH[WVHHPDSSURSULDWHEXWZKLFK
PD\JHQHUDWHQHZDQGPRUHVHULRXVSUREOHPVLQWKHIXWXUH
• 6KRUWWHUPDFWLRQVDUHUDUHO\LVRODWHGDQGLQGHSHQGHQWHYHQWV
 6KRUWWHUPDFWLRQVFRQWULEXWH WR WKHGHYHORSPHQWRI WKH WUDQVSRUW V\VWHP DQGPD\
IRUHFORVHRWKHU IXWXUH DFWLRQV+HQFH VKRUWWHUP DFWLRQVPD\ EH DVVRFLDWHGZLWK DQ
LPSRUWDQWRSSRUWXQLW\FRVW
• /RQJUDQJHSODQQLQJDOORZVWKHH[SORUDWLRQRIPDMRUSROLF\RUIDFLOLW\RSWLRQV
 /RQJUDQJHSODQQLQJSHUPLWVWKHSODQQHURUGHFLVLRQPDNHUWRLGHQWLI\SRWHQWLDOIXWXUH
SUREOHPVDQGSUHSDUHIRUWKHPLQDGYDQFH6KRUWWHUPSODQQLQJWHQGVWREHUHDFWLYH
ZKHUHDVORQJUDQJHSODQQLQJSURYLGHVWKHRSSRUWXQLW\IRUQRUPDWLYHDFWLRQV
• $YRLGWKHFOHDUDVVRFLDWLRQEHWZHHQWKHVL]HRILQYHVWPHQWDQGWKHSODQQLQJKRUL]RQ
 7UDGLWLRQDOO\ORZFDSLWDOLQYHVWPHQWVDUHDQDO\VHGWKURXJKDQRSWLPLVLQJSODQQLQJDS
SURDFKZKHUHDVRQO\PHWKRGRORJLHVZLGHU LQ VFRSHKDYHEHHQ DSSOLHG WR ODUJHVFDOH
FDSLWDO LQYHVWPHQWV)RUWKHUHDVRQVRXWOLQHGDERYHWKLVDSSURDFKVKRXOGEHDYRLGHG
DQGLQVWHDGWKHLPSOLFDWLRQVIRUIXWXUHFKRLFHVVKRXOGEHUHYLHZHGDQGDVVHVVHG
'XH WR WKHSUREOHPV UHODWHG WRRSWLPLVLQJ ORQJ UDQJHSODQQLQJDSSURDFKHVGLIIHUHQW
DXWKRUV KDYH DJLWDWHG IRU D QHZ EURDGHU SODQQLQJ IUDPHZRUN ZKLFK H[SOLFLWO\ GHDOV
ZLWKORQJUDQJHSODQQLQJXQFHUWDLQW\HJ*XSWD6.	5RVHQKHDG-*LOEHUW
'	 -HVVRS$  6FKRIHU -/	6WRSKHU35 5RVHQKHDG - DE
5RVHQKHDGEVXJJHVWVDPHWKRGRORJ\EDVHGRQUREXVWQHVVZKHUHDV6FKRIHUDQG
6WRSKHU  DGYRFDWH IRU WKH DSSOLFDWLRQ RI D VFHQDULREDVHG PHWKRGRORJ\ 7KH
PHWKRGRORJ\ EDVHG RQ UREXVWQHVV LV PDGH XS RI D VXFFHVVLRQ RI DFWLYLWLHV DGDSWHG
IURP5RVHQKHDG-E
 &RQVWUXFWDVHWRIPHDVXUHVDQGDJUHHRQFRUUHVSRQGLQJDFFHSWDQFHOHYHOV
 7KHPHDVXUHVXVHGLQWUDQVSRUWLQIUDVWUXFWXUHDSSUDLVDODUHRIWHQFRQFHUQHGZLWKWKH
HFRQRPLFIHDVLELOLW\RIWKHGHFLVLRQPHDVXUHGDVWKHQHWSUHVHQWYDOXHRURWKHUPRUH
LQIRUPDO PHDVXUHV 7KH DFFHSWDQFH OHYHO ZLOO UHODWH WR WKH ZKHWKHU WKHVH PHDVXUHV
MRLQWO\PHHWVGHFLVLRQPDNHUUHTXLUHPHQWV
 ,GHQWLI\DUHSUHVHQWDWLYHUDQJHRIDOWHUQDWLYHIXWXUHV
 7KH IXWXUHV VKRXOG EH UHOHYDQW SRVVLEOH RU OLNHO\ VWDWHV RI WKH HQYLURQPHQW RI WKH
V\VWHPEHLQJSODQQHGIRU7KHVHOHFWHGIXWXUHVPXVWEHFRPSDUDWLYHO\IHZLQQXPEHU
IRUWUDFWDELOLW\HDFKUHSUHVHQWDWLYHIRUDUDQJHRIIXWXUHVGLIIHULQJLQSDUDPHWHUYDO
XHVDQGVHOHFWHGWREHPHDQLQJIXOO\GLIIHUHQWIURPHDFKRWKHU
,QWURGXFWLRQ 3DJH
&ODXV5HKIHOG
 ,GHQWLI\DVHWRISRVVLEOHGHFLVLRQVHTXHQFHV
 7KHLGHQWLILFDWLRQRISRVVLEOHGHFLVLRQVHTXHQFHVZLOOLQYROYHVRPHVRUWRIVFDQQLQJRU
VFUHHQLQJSURFHVVHOLPLQDWLQJXQIHDVLEOHVWUDWHJLHV
 0RGHOWKHFRQVHTXHQFHVRIGLIIHUHQWGHFLVLRQVHTXHQFHVIRUHDFKLGHQWLILHGIXWXUH
 )RUHDFKRIWKHGHFLVLRQVWUDWHJLHVWKHUHOHYDQWLPSDFWVDUHPRGHOOHGDVDIRUHFDVWRI
V\VWHPSHUIRUPDQFHIRUHDFKSRVVLEOHIXWXUH7KHUHVXOWIRUPVWKHIRXQGDWLRQIRUWKH
DSSUDLVDORIHDFKSODQQLQJVWUDWHJ\
 6HOHFWLQLWLDOGHFLVLRQRUGHFLVLRQVHWVZKLFKDUHFRPSRQHQWVRIDZLGHUDQJHRIDFFHSWDEOH
GHFLVLRQVHTXHQFHVXQGHUPRVWRUDOORIWKHLGHQWLILHGIXWXUHV
 7KH UREXVWQHVV DQDO\VLV PD\ UHODWH HLWKHU WR FRPSRQHQWV DFURVV VWUDWHJLHV RU WR HQWLUH
VWUDWHJLHV%DVHGRQWKHPHDVXUHVDQGWKHDFFHSWDQFH OHYHOV WKHDSSUDLVDOZLOOFRQWDLQDQ
DQDO\VLVRIWKHGHJUHHRIJRDOVDFKLHYHPHQWIRUHDFKLGHQWLILHGIXWXUH
7KH PHWKRGRORJLHV GHYHORSHG E\ 6FKRIHU DQG 6WRSKHU  DQG E\ 5RVHQKHDG
DUHKRZHYHUQRWFRQWUDGLFWRU\EXWIRUPD ORJLFDOXQLW\7KHUHPDLQGHURIWKLV
WKHVLV LV FRQFHUQHGZLWK WKH GHYHORSPHQWRI DQ DSSUDLVDOPHWKRGRORJ\ IRU WUDQVSRUW
SODQQLQJZKLFKH[SOLFLWO\GHDOVZLWKORQJUDQJHSODQQLQJXQFHUWDLQW\
 &21&/8',1*5(0$5.6
7KLV LQWURGXFWLRQKDVEULHIO\RXWOLQHGVRPHSUREOHPVDERXW WKHXVHRISURJQRVHV IRU
WUDQVSRUWSUHGLFWLRQDQGSURMHFWDSSUDLVDOLQWKHORQJWHUP7KHODFNRIUHVSRQVLYHQHVV
RI WKH RSWLPLVLQJ PHWKRGRORJLHV WR XQFHUWDLQW\ LQ WKH SODQQLQJ SURFHVV KDV EHHQ
HPSKDVLVHG7KLVOHGWRDUHTXHVWIRUDEURDGHUDQGPRUHIOH[LEOHSODQQLQJIUDPHZRUN
RI ZKLFK WZR ZDV RXWOLQHG 2QH PHWKRGRORJ\ EDVHG RQ UREXVWQHVV DQG DQRWKHU
VFHQDULREDVHGPHWKRGRORJ\7KHVXJJHVWHGPHWKRGRORJLHVLQYROYHWKHXVHRIYDU\LQJ
IXWXUHV RU VFHQDULRV DV DQ LQWHJUDWHGSDUW RI WKHSODQQLQJSURFHVV2Q WKLV EDVLV WKLV
UHSRUW DLPV DW GHYHORSLQJ DPHWKRGRORJ\ WKDW LV UHVSRQVLYH WR WKH JHQHUDO SUREOHPV
OLVWHGDERYH
&KDSWHU  GLVFXVVHV PHWKRGV DQG DSSURDFKHV IRU WKH LGHQWLILFDWLRQ RI SRVVLEOH DQG
SUREDEOHIXWXUHVLQVFHQDULRV
3DJH 3DUW,
&ODXV5HKIHOG
 /,7(5$785(
$\UHV58 7HFKQRORJLFDO)RUHFDVWLQJ DQG/RQJ5DQJH 3ODQQLQJ0F*UDZ+LOO1HZ
<RUN
'DQPDUNV6WDWLVWLN7UDQVSRUWVWDWLVWLN'DQPDUNV6WDWLVWLN
7UDILNPLQLVWHULHW5HIHUHQFHPRGHOIRUGHQGDQVNHWUDQVSRUWVHNWRU²8GDUEH
MGHWDI&2:,
*LOEHUW'	-HVVRS$(UURU DQGXQFHUWDLQW\ LQ WUDQVSRUWPRGHOV375&6XPPHU
$QQXDO0HHWLQJ6HPLQDU*7UDQVSRUWDWLRQ0RGHOV
*XSWD 6.	5RVHQKHDG - 5REXVWQHVV LQ VHTXHQWLDO LQYHVWPHQW GHFLVLRQV0DQDJH
PHQWVFLHQFH9RO1R
-¡UJHQVHQ12	/HOHXU67UDILNSURJQRVHU RJ PRGHOOHU)URP/DKUPDQQ+	
/HOHXU69HMWUDILN3RO\WHNQLVNIRUODJSS
/LQQHPDQ5(	.HQQHO-'6KRUWVOHHYH$SSURDFKWR/RQJUDQJH3ODQV+DUYDUG
%XVLQHVV5HYLHZ0DUFK$SULOSS
0DNULGDNLV HW DO  0DNULGDNLV 6 :KHHOZULJKW 6& 	 +\QGPDQ 5- 
)RUHFDVWLQJ²PHWKRGVDQGDSSOLFDWLRQV:LOH\WKLUGHGLWLRQ
5RVHQKHDG - D 3ODQQLQJ XQGHU XQFHUWDLQW\  7KH LQIOH[LELOLW\ RI PHWKRGRORJLHV -
2SO5HV6RF9ROSS
5RVHQKHDG - E3ODQQLQJ XQGHU XQFHUWDLQW\ $PHWKRGRORJ\ IRU UREXVWQHVV DQDO\VLV -
2SO5HV6RF9ROSS
6DUORV*$QDO\VHGHV V\VWHPHV HQHUJLWLTXHV1RWHVSUHYLVRLUHVeFROH3RO\WHFKQLTXH
)pGpUDOHGH/DXVDQQH
6FKRIHU -/	6WRSKHU35 6SHFLILFDWLRQV IRU D QHZ ORQJUDQJH XUEDQ WUDQVSRUWDWLRQ
SODQQLQJSURFHVV7UDQVSRUWDWLRQSS
&ODXV5HKIHOG
 6&(1$5,26$1'/21*5$1*(3/$11,1*
$FFRUGLQJWR6FKQDDUVWKHFXUUHQWPHWKRGRORJLHVIRUVFHQDULRFRQVWUXFWLRQDUH
URRWHG LQGHIHQFHUHODWHGSURMHFWV DW WKH5DQG&RUSRUDWLRQ LQ WKHV2QHRI WKH
HDUOLHVWDSSOLFDWLRQVRIVFHQDULRWHFKQLTXHVLQWKHWUDQVSRUWVHFWRUZDVWKH&KLFDJR$UHD
7UDQVSRUWDWLRQ 6WXG\ IURP  9LUWXDOO\ SDUDOOHO WR WKLV VWXG\ D 'DQLVK WUDQVSRUW
VWXG\WKH7UDIILFVWXG\XVHGVFHQDULRWHFKQLTXHV7KLV ODWWHUVWXG\ZDVFRPPLV
VLRQHGE\WKH'DQLVK$FDGHP\IRUWKH7HFKQLFDO6FLHQFHV$79$QRWKHUZHOO
NQRZQWUDQVSRUWVFHQDULRVWXG\XQGHUWDNHQE\$OOSRUWHWDO FRQFHUQHG%HOIDVW
LQ 1RUWKHUQ ,UHODQG $ 'DQLVK DSSOLFDWLRQ H[DPSOH LV IRXQG LQ %UL[ 	 .RXVJDDUG
 $ FRPSLODWLRQ RI GLIIHUHQW LQWHUQDWLRQDO WUDQVSRUW UHODWHG VFHQDULR VWXGLHV LV
IRXQG LQ 3HDUPDQ  7KH OLWHUDWXUH FRQWDLQV HYLGHQFH RI D YDULHW\ RI VFHQDULR
DSSURDFKHVUDQJLQJIURPWKHDSSOLFDWLRQRIDGYDQFHGPDWKHPDWLFDORSHUDWLRQVUHVHDUFK
PHWKRGV WR ¶VRIW· GHVFULSWLYH VFHQDULR WHFKQLTXHV 7KH UHPDLQGHU RI WKLV FKDSWHU LV
GHYRWHGWRWKHSUHVHQWDWLRQDQGGLVFXVVLRQRIVRPHDVSHFWVRIVFHQDULRWHFKQLTXHVLQD
FRQWH[WRIPXOWLPRGDOWUDQVSRUWSODQQLQJ
 216&(1$5,2&216758&7,21
7KHUHDUHWZRPDLQVFKRROVRIWKRXJKWUHJDUGLQJPHWKRGRORJLHVIRUVFHQDULRFRQVWUXF
WLRQ6FKQDDUV63
• 4XDQWLWDWLYHVFHQDULRFRQVWUXFWLRQ
• 4XDOLWDWLYHVFHQDULRFRQVWUXFWLRQ
7KHTXDQWLWDWLYHVFHQDULRVXVHPDWKHPDWLFDOSURJUDPPLQJWHFKQLTXHVIRUFRQVWUXFWLQJ
VFHQDULRV EDVHG RQ H[SHUW MXGJHPHQWV RQ SUREDELOLW\ GLVWULEXWLRQV IRU GLIIHUHQW
YDULDEOHVDQGWKHFRUUHODWLRQEHWZHHQWKHP7KHUHVXOWVRIWKHVHDQDO\VHVDUHPXOWLSOH
VFHQDULRVUDQNHGE\WKHLUSUREDELOLW\RIRFFXUUHQFH7KHEHVWNQRZQH[DPSOHVRIWKLV
DSSURDFKDUHWKH'HOSKLPHWKRGDQGWKH&URVVLPSDFWDQDO\VLV7KHLGHDRIDVVHVVLQJ
SUREDELOLWLHV IRU WKH IXWXUH LV KRZHYHU TXHVWLRQDEOH HYHQ WKRXJK WKH IXQGDPHQWDO
UDWLRQDOIRUWKHVHPHWKRGVLVVRXQG1DPHO\WKDWLWUHSUHVHQWVDUHFRJQLWLRQWKDWPDQ\
YDULDEOHVDQGHYHQWVDUHLQWHUGHSHQGHQW6FKQDDUV637KHVHPHWKRGVZLOOQRW
EHGLVFXVVHGLQDQ\PRUHGHWDLO
7KH TXDOLWDWLYHPHWKRGV FRYHU DZLGH YDULHW\ RI DSSURDFKHV VRPH RIZKLFK LQYROYH
PDWKHPDWLFDO SURJUDPPLQJ 7KH IXQGDPHQWDO UDWLRQDO DV GHVFULEHG E\ D SLRQHHU RI
VFHQDULRZULWLQJ+HUPDQ.DKQ LV WKDW WKHPRVW LPSRUWDQWSDUWRIVFHQDULRFRQVWUXF
WLRQLVWRWKLQNDERXWWKHSUREOHPDQGQRWGHFHLYH\RXUVHOIZLWKFRPSOH[PDWKHPDWLFDO
PHWKRGV'LIIHUHQW DXWKRUV KDYH WKURXJK WLPHSURGXFHG ¶EHVWSUDFWLFH· OLVWV FRYHULQJ
WKHSULQFLSOHV IRU VFHQDULR FRQVWUXFWLRQ$ JRRG RYHUYLHZ RI GLIIHUHQW DSSURDFKHV LV
SURYLGHG E\ 6FKQDDUV  IRU VFHQDULR FRQVWUXFWLRQ LQ JHQHUDO DQG E\ 3HDUPDQ
IRUWUDQVSRUWVSHFLILFVFHQDULRV
(OHPHQWVLQWKHJHQHUDOJXLGHOLQHVWRTXDOLWDWLYHVFHQDULRFRQVWUXFWLRQDUHFRPPRQWR
DOO DXWKRUV 2QH RI WKHVH FRPPRQ JXLGHOLQHV FRQFHUQ WKH QXPEHU RI VFHQDULRV WR
FRQVWUXFW0RUHWKDQWRVFHQDULRVVKRXOGEHDYRLGHGDVD ODUJHUQXPEHUPDNHV LW
GLIILFXOWWRGLVWLQJXLVKWKHVFHQDULRVTXDOLWDWLYHO\IURPHDFKRWKHU$OOSRUWHWDO
6FKQDDUV%\NHHSLQJWKHVFHQDULRVGLVWLQFWWKHVFHQDULRVDUHDUUD\HGLQDIXWXUH
VSDFHDQGLGHDOO\WKH\VWUHWFKRXWDVLOOXVWUDWHGLQ)LJXUH$VXIILFLHQWO\ODUJHVKDUHRI
3DJH 3DUW,
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WKHIXWXUHVSDFHVKRXOGEHFRYHUHGVRDVWRLQFOXGHWKHIXWXUHWKDWZLOOHYHQWXDOO\DULVH
,I WKH VFHQDULRV DUH WRR DOLNH WKHUH LV D ULVNRI RQO\ FRYHULQJ D VKDUH RI WKH SRVVLEOH
IXWXUH VSDFH DQG KHQFH D ULVN RI WKH VFHQDULRV EHLQJ WR QDUURZ LQ VFRSH 6XFK VHOI
UHVWULFWLRQPD\ VWHP IURPRYHUFRQILGHQFH LQNH\YDULDEOHV DSUREOHPZHOO NQRZQ LQ
IRUHFDVWLQJ0DNULGDNLVHWDO
)LJXUH 7KHIXWXUHVSDFHZLWKGLVWLQFWVFHQDULRVVWUHWFKHGRXWWRFRYHUDVXIILFLHQWO\ODUJHSURSRUWLRQ
RIWKHIXWXUHVSDFHEDVHGRQ3DOOXGDQHWDO
6FHQDULRVDUHQRUPDOO\GHYHORSHGE\DFFHQWXDWLQJRUHPSKDVLVLQJWHQGHQFLHVIRXQGLQ
WKH SUHVHQW SODQQLQJ HQYLURQPHQW :LWK UHVSHFW WR DSSO\LQJ VFHQDULRV WR WUDQVSRUW
SODQQLQJHDFKVFHQDULRVKRXOG´UHIOHFWRQHFRQVLVWHQWVHWRISRVVLEOHFRQGLWLRQVLQFOXGLQJODQGXVH
SDWWHUQVHFRQRPLFFKDUDFWHULVWLFVSRSXODWLRQVL]HOLIHVW\OHIDPLO\VL]HODERXUIRUFHSDUWLFLSDWLRQUDWHV
DQGWUDYHOEHKDYLRXUFKDUDFWHULVWLFV WRZKLFK WKH IXWXUH WUDQVSRUWDWLRQV\VWHPPXVWUHVSRQGDSSURSUL
DWHO\µ 6FKRIHU -/ 	 6WRSKHU 35  $QRWKHU SRLQW SURPRWHG E\ 3HDUPDQ
LVWKDWVRPHDWWHQWLRQVKRXOGEHSDLGWRDQ\KLJKHUOHYHOVFHQDULRVDVWRDYRLG
LQFRQVLVWHQFLHV 2WKHUZLVH WKHUH PD\ EH D ULVN RI UHGXFLQJ WKH DFFHSWDELOLW\ RI WKH
VFHQDULRLQWKHGHFLVLRQPDNLQJSURFHVV7KLVVKRXOGKRZHYHUQRWUHGXFHWKHEUHDGWK
RI WKH VFHQDULR FRQVWUXFWLRQ SURFHVV 7KLV DOVR VWUHVVHV WKH LPSRUWDQFH RI LQFOXGLQJ
GHFLVLRQPDNHUV LQ WKH VFHQDULR FRQVWUXFWLRQ SURFHVV 3DUWLFXODUO\ DV FRQFHUQV WKH
DUUD\LQJ DQG GHILQLWLRQ RI LPSRUWDQW YDULDEOHV DQG LQWHUUHODWLRQVKLSV VR WKDW WKH
GHFLVLRQPDNHU SDUWLFLSDWHV LQ WKH GHILQLWLRQ RI WKH SODQQLQJ HQYLURQPHQW )URP DQ
DSSOLFDWLRQSRLQWRIYLHZWKHGHFLVLRQPDNHU·VDFFHSWDQFHRIWKHSUHFRQGLWLRQVIRUWKH
SODQQLQJLVLPSHUDWLYH
 6&(1$5,27<3(6
3HDUPDQ  VXEGLYLGHV TXDOLWDWLYH VFHQDULRV LQWR WZRPDMRU JURXSV DFFRUGLQJ WR
WKHLUVWDUWLQJSRLQW
• 7RSGRZQVFHQDULRV
• %RWWRPXSVFHQDULRV
$¶7RSGRZQ·VFHQDULRLVFRQVWUXFWHGWKURXJKDKROLVWLFRUQRUPDWLYHVSHFLILFDWLRQRU
GHVFULSWLRQRIDSRVVLEOHDQGSUREDEOHIXWXUH¶%RWWRPXS·VFHQDULRVRQWKHRWKHUKDQG
KDYHWKHLUVWDUWLQJSRLQWLQWKHPRVWLPSRUWDQWLQSXWYDULDEOHVUHOHYDQWWRVHFXULQJWKH
FRQVLVWHQF\RIWKHVFHQDULR$IXUWKHUGLPHQVLRQWRWKHJHQHUDOVFHQDULRFODVVLILFDWLRQLV
ZKHWKHU WKH VFHQDULRV LQFOXGH DQ H[SOLFLW G\QDPLF RU SDWK E\ ZKLFK WKH IXWXUH LV
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
UHDFKHG $FFRUGLQJ WR ERWK 6FKRIHU DQG 6WRSKHU  DQG 3HDUPDQ  OLWWOH
DWWHQWLRQKDVJHQHUDOO\EHHQSDLGWRWKHSDWKLQWUDQVSRUWDSSOLFDWLRQV7KLVSDWKPD\
EH QRUPDO RU URXWLQH LPSO\LQJ D IXWXUH VLPLODU WR WKH SUHVHQW HYROXWLRQDU\ LQ VRPH
GLUHFWLRQ RU HYHQ UHYROXWLRQDU\ %RXUQH  ,Q WUDQVSRUW SODQQLQJ WKH SDWK LV DV
LPSRUWDQW DV WKH IXWXUH VWDWH WR WKH DVVHVVPHQW RI SURMHFW SHUIRUPDQFH 7KLVZLOO EH
GLVFXVVHGLQJUHDWHUGHWDLOLQFKDSWHU6RPHPDLQW\SHVRIVFHQDULRVDUH
• 1RUPDWLYHVFHQDULR
 )XOILOV DJLYHQVHWRIREMHFWLYHVDW WKHHQGRI WKH WLPHKRUL]RQRI WKH VFHQDULR7KH
SODQQLQJREMHFWLYHVPD\LQPDQ\FDVHVEHDWWDLQHGE\GLIIHUHQWPHDQV$VDFRQVHTXHQFH
WKHVHVFHQDULRVRIIHUWKHSRVVLELOLW\RIPDNLQJDQDQDO\VLVRIWKHHIILFLHQF\RIDVWUDWHJ\
• ([WUHPHFDVHVFHQDULR
 ([WUHPHFDVHVFHQDULRVLQYROYLQJIRUFHPDMHXUHVXFKDVZDUVLJQLILFDQWHFRQRPLFUH
FHVVLRQUHYROXWLRQRURWKHUYHU\LPSUREDEOHRFFXUUHQFHVVKRXOGQRWEHFRQVLGHUHG6XFK
DEQRUPDOLWLHVLQVRFLHW\DUHDYRLGHGGXHWRWKHLUH[WUHPLW\DQGWKHLUORZSUREDELOLW\
• 3URMHFWVSHFLILFVFHQDULRV
7KHVFHQDULRVDUHZULWWHQZLWKDYLHZWRUHIOHFWLQJWKHFRQVHTXHQFHVIRUDJLYHQSURM
HFW LQRUGHUWRDVVHVVZKHWKHUWKHVHZLOOEHJRRGEDGRUQHXWUDO7KLV W\SHRI VFHQDULR
HTXDOO\ZHOOLQFOXGHVWKHPD[LPXPFDVHVGHYHORSHGWRWHVWSURMHFWHIILFLHQF\VXFKDVHJ
DVLJQLILFDQWODQGXVHGHYHORSPHQWVFHQDULR
• 3UREDELOLW\RIRFFXUUHQFH
 %\DVVHVVLQJWKHSUREDELOLWLHVRI WKHGLIIHUHQW VFHQDULRV LWEHFRPHVSRVVLEOH WRDSSO\
SUREDELOLW\WKHRU\WRWKHSODQQLQJSUREOHP,WVKRXOGEHQRWHGWKDWSUREDELOLWLHVKDYH
D WHQGHQF\RIJLYLQJXQZDUUDQWHGVHFXULW\7KH IXWXUH LV E\GHILQLWLRQXQSUHGLFWDEOH
DQGFRQVHTXHQWO\SUREDELOLWLHVKDYHOLWWOHPHDQLQJ
• ,QGXFWLYHVFHQDULR
 (PSKDVLV LVSXWRQRQHNH\YDULDEOHVXFKDVWKHHFRQRPLFGHYHORSPHQW WKHGHYHO
RSPHQWRIWKH(XURSHDQ8QLRQHWF
• 'HGXFWLYHRUWKHPDWLFVFHQDULR
 7KHPDWLFRUGHGXFWLYHVFHQDULRVDUHDOVRVRPHWLPHVNQRZQDVVFHQDULRZULWLQJDQGDUH
QRUPDOO\EDVHGRQDVRFLHWDOORJLFIRXQGLQWKHSUHVHQWVRFLHW\DQGJLYHQDTXDOLWDWLYH
GHVFULSWLRQ GHILQLQJ D SRVVLEOH DQG SUREDEOH IXWXUH 7KH GHVFULSWLRQ PD\ LQFOXGH
TXDQWLWDWLYHPHDVXUHV
 7KHJHQHUDOFODVVLILFDWLRQRIVFHQDULRVSURYLGHGDERYHGRHVE\QRPHDQVLPSO\WKDWWKH
RSWLRQVDUHFRQWUDVWLQJ0RUHRYHUWKH\H[HPSOLI\VRPHEURDGW\SHVRIDSSURDFKHV WR
VFHQDULRFRQVWUXFWLRQ0DQ\VFHQDULRVWXGLHVGRLQSUDFWLFHLQFRUSRUDWHHOHPHQWVIURP
PDQ\RIWKHVFHQDULRDSSURDFKHVGHVFULEHGDERYH(OHPHQWV IURPHDFKVFHQDULR W\SH
PD\EHPL[HGWRREWDLQ WKHEHVWFRPSRVLWLRQRIVFHQDULRVDSSOLFDEOH WR WKHSODQQLQJ
FRQWH[W
 6&(1$5,26,13+<6,&$/3/$11,1*
 8SRQGHILQLQJWKHSODQQLQJHQYLURQPHQWLWPD\EHKHOSIXOWREUHDNWKHV\VWHPGRZQ
LQWRLWVFRPSRQHQWV2QHDSSURDFKLQYROYHVWKUHH OHYHOV7KHILUVW OHYHOFRQFHUQV WKH
3DJH 3DUW,
&ODXV5HKIHOG
RYHUDOO VWUXFWXUHRIVRFLHW\7KH VHFRQG OHYHO FRQFHUQVJHQHUDO JURXSVRIYDULDEOHVRU
GHWHUPLQDQWVWKDWPDNHXSWKHGRPDLQRIHDFKVXEV\VWHPDQGILQDOO\ WKH WKLUG OHYHO
FRQFHUQV LQGLFDWRUVDQGGHYHORSPHQWYDULDEOHV,QGLFDWRUVPD\EHTXDQWLWDWLYHDVZHOO
DV VLPSOH TXDOLWDWLYH GHVFULSWLRQV 7KH WUDQVSRUW VHFWRU LV XQGHU LQIOXHQFH RI D ZLGH
YDULHW\RIGHWHUPLQDQWVUHODWLQJWRDOOHOHPHQWVRIVRFLHW\
 'HSHQGLQJ RQ WKH VFHQDULR DSSURDFK DQ DSSURSULDWH GHILQLWLRQ RI WKH SODQQLQJ
HQYLURQPHQWPD\WDNHSODFHVRRQHURUODWHULQWKHVFHQDULRFRQVWUXFWLRQSURFHVV7KH
PRVWOLNHO\SURFHGXUHLQYROYHVDQLWHUDWLYHDSSURDFKDVWKHLPSDFWRIHDFKVFHQDULRLV
EHFRPLQJIXOO\SHUFHLYHG$KLHUDUFKLFPDWUL[LOOXVWUDWLQJWKHSODQQLQJHQYLURQPHQWDQG
LWV GHWHUPLQDQWV DQG LQGLFDWRUV DQG GHYHORSPHQW YDULDEOHV DSSOLFDEOH WR WUDQVSRUW
SODQQLQJLVLOOXVWUDWHGEHORZ
7DEOH 6XJJHVWHG KLHUDUFKLF GLYLVLRQ RI WKH SODQQLQJ HQYLURQPHQW LQWR GHWHUPLQDQWV DQG LQGLFD
WRUVYDULDEOHVIRUWKHXVHLQVFHQDULRFRQVWUXFWLRQ7KHGHYHORSPHQWYDULDEOHVDQGLQGLFDWRUV
FROXPQRIIHUDQLQFRPSUHKHQVLYHOLVWEDVHGRQ6DUORV*	$79
68%6<67(0 '(7(50,1$176 ,1',&$7256'(9(/230(179$5,$%/(6
,QWHUQDWLRQDOHFRQRPLF
V\VWHP
:RUOGHFRQRPLFJURZWK
&RVWRIUDZPDWHULDOV
,QWHUQDWLRQDOODERXUGLYLVLRQ
'HVFULSWLYH
,QWHUQDWLRQDOHFRQRPLFJURZWK
&RVWRISHWURO
,QWHUQDWLRQDOWUDGHDJUHHPHQWV
6RFLRHFRQRPLFV\VWHP 'HPRJUDSK\
8UEDQLVDWLRQ
(FRQRPLFJURZWK
,QGXVWULDOLVDWLRQ
6L]HRIWKHSRSXODWLRQ
$JHGLVWULEXWLRQ
XUEDQSRSXODWLRQ
&DURZQHUVKLS
(FRQRPLFJURZWKUDWHV
'HVFULSWLYH
6RFLDOV\VWHP )DPLO\VWUXFWXUHV
/DERXUPDUNHW
'HVFULSWLYH
VLQJOHKRXVHKROGV
6RFLDOSUHIHUHQFHV
:HHNO\ZRUNLQJKRXUV
3ROLWLFDOV\VWHP 6RFLDOSROLF\
/DQGXVHSROLF\
,QGXVWULDOSROLF\
7UDQVSRUWSROLF\
(FRQRPLFSROLF\
(QYLURQPHQWDOSROLF\
(QHUJ\SROLF\
,QWHUQDWLRQDODJUHHPHQWV
,QFRPHUHGLVWULEXWLRQ
5HVLGHQWLDOORFDWLRQ
,QGXVWULDOORFDWLRQ
*'3VWUXFWXUH
7UDQVSRUWV\VWHPVWUXFWXUH
7D[DWLRQVWUXFWXUH
'HVFULSWLYH
1DWLRQDO,QWHUQDWLRQDOUHJXODWLRQ
(QYLURQPHQWDOV\VWHP *OREDOHQYLURQPHQW
5HJLRQDOHQYLURQPHQW
/RFDOHQYLURQPHQW
*OREDOHQYLURQPHQWDOTXDOLW\
5HJLRQDOHQYLURQPHQWDOTXDOLW\
/RFDOHQYLURQPHQWDOTXDOLW\
'HVFULSWLYH
7HFKQRORJ\DVVRFLDWHG
V\VWHP
6WDWHRIWKHWHFKQRORJLFDO
HYROXWLRQ
'HVFULSWLYHRIQHZWHFKQRORJLHV
/RDGRIORUULHV
 7KHDSSOLFDWLRQRIDKLHUDUFKLFVWUXFWXUHLVDZD\RIPLQLPLVLQJWKHULVNRILQFRQVLVWHQ
FLHV LQ WKHVFHQDULR6FHQDULRVVKRXOGDOZD\VEHDVVHVVHGZLWKUHVSHFW WR WKHLU FRQVLV
WHQF\ DQG SODXVLELOLW\ LQ RUGHU WR DFKLHYH ERWK SROLWLFDO DQG SXEOLF DFFHSWDQFH 7KH
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
FRKHUHQFHLVDVVXUHGE\DORJLFKLHUDUFKLFVWUXFWXUHRIWKHGHWHUPLQDQWVDQGLQGLFDWRUV
ZKLFKPDNHVLQWHUGHSHQGHQFLHVREYLRXVWKURXJKFRUUHODWLRQRUGHVFULSWLRQ3ODXVLELOLW\
LVDVVXUHGWKURXJK
 $FRPSUHKHQVLYHLQFOXVLRQDQGDVVHVVPHQWRIYDULDEOHVDQGLQGLFDWRUV
 7KLV LQYROYHV WKH LQFOXVLRQDQGDVVHVVPHQWVRI WKH VXIILFLHQWQXPEHURI YDULDEOHV LQ
RUGHUWRGLVWLQJXLVKRQHVFHQDULRIURPWKHRWKHUDQGNHHSLQJDOORWKHUYDULDEOHVIL[HG
,QWKLVZD\WKHJHQHUDOWHQGHQF\RIWKHVFHQDULRUHPDLQVFOHDU
 $SODXVLEOHGHVFULSWLRQRIWKHGHYHORSPHQWRIFKDQJHRYHUWLPH
 1RWDOOYDULDEOHVHYROYH OLQHDUO\RUHTXDOO\IDVWIRUWKDWPDWWHU6RPHLQWHUGHSHQGHQ
FLHVLQYROYHGHOD\VVRPHFKDQJHVDUHYHU\LQWHQVHRYHUDVKRUWSHULRGRIWLPHRWKHUV
DJDLQGHYHORSPRUHFRQWLQXRXVO\(DFKVFHQDULRVKRXOGEHDVVHVVHGZLWKUHVSHFWWRD
SODXVLEOHDQGFRQVLVWHQWGHYHORSPHQWSURILOH
7KH DVVHVVPHQW RI HDFK GHYHORSPHQW YDULDEOH RU LQGLFDWRU VKRXOG EH UHODWHG WR WKH
SUHVHQW LQRUGHU IRUGHFLVLRQPDNHUVDQGWKHSXEOLF WRHYDOXDWH WKHSODXVLELOLW\RI WKH
FKDQJHV
 $5(9,(:2)'$1,6+75$1632576&(1$5,2678',(6
 $V DQ LOOXVWUDWLRQ RI GLIIHUHQW VFHQDULR W\SHV WKUHH 'DQLVK VFHQDULR VWXGLHV DUH UH
YLHZHG7KHLUGHYHORSPHQWZDVTXLWHGLIIHUHQWERWKKLVWRULFDOO\DVZHOODVZLWKUHVSHFW
WR WKH SODQQLQJ FRQWH[W 7KH UHYLHZ RIIHUV DQ RYHUYLHZ RI GLIIHUHQW DSSURDFKHV WR
REWDLQLQJ VFHQDULR FRQVLVWHQF\ DQG SODXVLELOLW\ 7KH WZR ILUVW VFHQDULRV 7UDIILF 
DQGWKH(OVDPVFHQDULRVWXG\ZHUHFRQVWUXFWHGGXULQJWKHVDQGVZKHUHDVWKH
PRVW UHFHQW ¶7KH )XWXUH RI WKH 7UDQVSRUW 6HFWRU· LV IURP  7KH ODWWHU ZLOO EH
GLVFXVVHGLQWKHPRVWGHWDLO
 75$)),&
 ,QWKH'DQLVK$FDGHP\IRUWKH7HFKQLFDO6FLHQFHV$79IXQGHGDUHVHDUFK
SURMHFWZKRVH DLP LWZDV WR DVVHVV WKH LQIOXHQFHRISRVVLEOH IXWXUHV RQ WKH WUDQVSRUW
VHFWRUIRUWKH\HDU$797KLVLVWKHHDUOLHVWDSSOLFDWLRQRIVFHQDULRVLQWKH
WUDQVSRUW VHFWRU LQ 'HQPDUN 7KH VFHQDULR VWXG\ ZKLFK LV TXLWH UHQRZQHG ZDV
FRQVWUXFWHG LQ WKHSHULRG   7KH VWXG\ZDV LQDXJXUDWHG GXH WR D JURZLQJ
GLVFXVVLRQ RI WKH ZRUOGV OLPLWHG QDWXUDO UHVRXUFHV DQG WKH HPHUJLQJ HQYLURQPHQWDO
SUREOHPV,QWKHEHJLQQLQJRIWKHVWKHFDUFRQVXPHGEHWZHHQRQHILIWKDQGRQH
VL[WK RI WKH HQHUJ\ XVHG LQ 'HQPDUN DQG WKH DFFHSWDELOLW\ RI WKLV ZDV TXHVWLRQHG
3DUWLFXODUO\WKHGHEDWHERRN ¶/LPLWVRIJURZWK·DGGHGWR WKLVGLVFXVVLRQ 0HDGRZVHW
DO$WWKHVDPHWLPHWKHVXGGHQRLOFULVLVVKRZHGWKDWWKHFRQWLQXRXVHFRQRPLF
JURZWKH[SHULHQFHGWKURXJKWKHVDQGVZRXOGSHUKDSVQRWODVWIRUHYHU
 7KHREMHFWLYHRIWKHVFHQDULRVWXG\ZDVWRDQDO\VHWKHFRQVHTXHQFHVRIDFRPELQDWLRQ
RI VSHFLILF WUDQVSRUW SROLFLHV DQG HFRQRPLF JURZWK UDWHV 7KH'DQLVK HFRQRP\ZDV
DVVXPHGWRSDVV WKURXJKHLWKHUDSHULRGRIKLJKRU ORZHFRQRPLFJURZWKZKLFKZDV
FRPELQHG ZLWK WZR WUDQVSRUW SROLF\ VWUDWHJLHV 7KLV DPRXQWHG WR IRXU VFHQDULRV $
)LIWKVFHQDULR LQYROYLQJSODQQHG ORZJURZWKZDVHTXDOO\ LQFOXGHG7KH ILYH VFHQDULRV
GHYHORSHGLQWKLVVWXG\DUHVHHQEHORZLQ7DEOH
3DJH 3DUW,
&ODXV5HKIHOG
7DEOH 7KH7UDIILFVFHQDULRV$79
%$6(<($5
6&(1$5,2<($5
,1',9,'8$/75$163257
32/,&<,
38%/,&75$16325732/,&<
.
+LJK*URZWK6RFLHW\+9 +9, +9.
&ULVLV6RFLHW\.6 .6, .6.
3ODQQHG/RZ*URZWK3/ 3/
 7KH VFHQDULRZULWLQJZDVEDVHGRQ VLJQLILFDQW IHHGEDFNEHWZHHQ DQ HFRQRPLFPRGHO
DQGWKHVFHQDULRZULWLQJ7KHUHDVRQIRUWKLVZDVWZRIROG$79
• 7RDVVXUHWKHFRQVLVWHQF\RIWKHDVVXPSWLRQVERWK LQWHUQDOO\DQGZLWK UHVSHFW WRKLJKHU
OHYHOVFHQDULRV
• 7KHGHVFULSWLRQVKRXOGLQFOXGHWKHQHFHVVDU\LQIRUPDWLRQLQRUGHUWRSHUIRUPWKH
WUDQVSRUWDQDO\VHV
 7KHVFHQDULRVZHUH WKRXJKWRIDVDVHULHVRIH[WUHPHFDVHV ,IDJHQHUDO WUHQG VKRXOG
RFFXU LQ DOO VFHQDULRV LWZDV DUJXHG WKDW WKHVHZHUH OLNHO\ SUHGLFWLRQV DV RSSRVHG WR
WKRVHSUHGLFWLRQVWKDWGLIIHUHGVLJQLILFDQWO\EHWZHHQWKHVFHQDULRV7KHVWUXFWXUHRIWKH
SODQQLQJHQYLURQPHQWLVLOOXVWUDWHGLQ)LJXUH
)LJXUH 7KHVWUXFWXUHRIWKHPRGHOOLQJV\VWHPXVHGLQWKH7UDIILFVFHQDULRVWXG\7KHVWUXFWXUH
ZDVWZRVWULQJHGFRQVLVWLQJRIDTXDQWLWDWLYHPRGHOOLQJSDUWDQGDTXDOLWDWLYHGHVFULSWLYHSDUW
$79
 
&RQVXPSWLRQ3URGXFWLRQ
3UHFRQGLWLRQV
Objectives 
Attitudes
International conditions
Production process
Private sector 
- Consumption 
- Investments
Company structure
Public sector
Export
7UDQVSRUWSROLF\
7UDQVSRUWUHOHYDQW
YDULDEOHV
7UDQVSRUWPRGHO
 7KHVFHQDULRVZHUHPDGHXSRIWKHIROORZLQJPDLQFRPSRQHQWV
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
 
7DEOH 2YHUYLHZRIWKHILYHVFHQDULRVLQWKH7UDIILFVWXG\EDVHGRQ$79
6&(1$5,2 63(&,),& &20021
+9, ,QGLYLGXDOO\ RULHQWHG WUDQVSRUW SROLF\ 6LJQLILFDQW
LQYHVWPHQWVLQURDGLQIUDVWUXFWXUH
+9. 3XEOLF WUDQVSRUW RULHQWHG WUDQVSRUW SROLF\ 7KH
HQYLURQPHQW DQG WUDIILF VDIHW\ DUH PDLQ IDFWRUV
7D[DWLRQ GLUHFWHG DW LQGLYLGXDO WUDQVSRUW 6LJQLILFDQW
LQYHVWPHQWVLQSXEOLFWUDQVSRUW
*URZWK RI  LQ WKH JURVV LQFRPH
SHU \HDU ,QFUHDVHG LQWHUQDWLRQDO
ODERXU GLYLVLRQ &RQWLQXDWLRQ RI WKH
HFRQRPLF JURZWK IURP V
8QFKDQJHGLQFRPHGLVWULEXWLRQ
.6, ,QGLYLGXDO WUDQVSRUW RULHQWHG WUDQVSRUW SROLF\ DQG D
UHGXFWLRQLQWKHSXEOLFWUDQVSRUWVHUYLFH5HGXFWLRQRI
HQHUJ\ XVH LPSRUWDQW 5HGXFHG LQYHVWPHQW UDWH IRU
WUDQVSRUWLQIUDVWUXFWXUH
.6. 3XEOLF WUDQVSRUW RULHQWHG WUDQVSRUW SROLF\ 6RPH
ZHLJKW LV SXW RQ WKH HQYLURQPHQW DQG WUDIILF VDIHW\
7D[DWLRQGLUHFWHGDWLQGLYLGXDOWUDQVSRUW
5HRFFXUULQJHFRQRPLFFULVHV*URZWK
RI  LQ WKH JURVV LQFRPH
,QFUHDVLQJ VRFLDO GLYLVLRQ 7KH
GHYHORSPHQW RI WKH (XURSHDQ
FRPPXQLW\ LV KDPSHUHG ,QFUHDVHG
XQHPSOR\PHQW DQG OLPLWHG SXEOLF
IXQGV
3/ 3XEOLF WUDQVSRUW RULHQWHG WUDQVSRUW SROLF\ &KDQJH LQ
DWWLWXGHV DV FRQFHUQV PDWHULDO JRRGV DQG SULRULW\ LV
GLUHFWHG DW WKH HQYLURQPHQW DQG OHLVXUH WLPH 7KH
VHUYLFHVHFWRULVSDUWLFXODUO\LPSRUWDQW7UDIILFFDOPLQJ
DQG SXEOLF WUDQVSRUW LPSURYHPHQWV DUH WKH PDLQ
FRQFHUQVLQWKHWUDQVSRUWSROLF\6WULFWODQGXVHSROLF\
3ODQQHG ORZ HFRQRPLF JURZWK
(FRQRPLF JURZWK RI  LQ WKH
JURVV LQFRPH SHU \HDU 5HGXFWLRQ RI
WKHZRUNLQJSHULRGV
2QWKHEDVLVRIHDFKVFHQDULRDQXPEHURINH\YDULDEOHVZHUH DVVHVVHGRQDQDWLRQDO
OHYHO 7KH SDVVHQJHU WUDQVSRUW DQDO\VHV ZHUH SHUIRUPHG E\ WKH XVH RI D VHTXHQWLDO
PRGHOWKDWLQYROYHGVHYHUDOVWHSV
 $UHJLRQDOFHQWUHPRGHOIRUXUEDQLVDWLRQSRSXODWLRQDQGSURGXFWLRQ
 )DPLO\VWUXFWXUHPRGHO
 ,QFRPHPRGHO
 &DURZQHUVKLSPRGHO
 &DUDFFHVVLELOLW\PRGHO
 7ULSSURGXFWLRQPRGHO
 7UDYHOSDWWHUQPRGHO
 0RGDOVSOLWPRGHO
 3XEOLFWUDQVSRUWVHUYLFH
$ VLPLODU PRGHO ZDV GHYHORSHG IRU WKH JRRGV WUDQVSRUW 7KH PRGHO LQFOXGHG 
GLIIHUHQWSURGXFWLRQVHFWRUV7KHPRGHOLQFOXGHGWKHIROORZLQJVWHSV
 6SHFLILFDWLRQRIGLVWULEXWLRQSDWWHUQ
 $VVHVVPHQWRITXDQWLWLHV
 $VVHVVPHQWRIWULSOHQJWKV
 'HWHUPLQDWLRQRIPDUNHWVKDUHVIRUURDGUDLODQGVKRUWVHDVKLSSLQJ
7KH PRGHOOLQJ DSSURDFK ZDV XVHG IRU DQ DVVHVVPHQW RI WKH NH\ YDULDEOHV 7KHVH
LQFOXGHGWKHWUDQVSRUWZRUNIRUJRRGVDQGSHRSOHWKHQXPEHURIDFFLGHQWVWKHHQHUJ\
FRQVXPSWLRQ WKHPRGDO VSOLW HWF2QHRI WKHPDLQ UHVXOWVZDV WKDW UHJDUGOHVVRI WKH
GHYHORSPHQW LQ WKH HFRQRP\ DQG WKH FKRLFH RI WUDQVSRUW SROLF\ WKH SDVVHQJHU
3DJH 3DUW,
&ODXV5HKIHOG
WUDQVSRUWZRUNZRXOGRQO\FKDQJHVOLJKWO\XQWLOWKH\HDUELOOLRQSDVVHQJHUNP
– ZHUH WKHILJXUH LQZDVELOOLRQSDVVHQJHUNP ,Q WKH ILJXUHZDV
DSSUR[LPDWHO\  ELOOLRQ SDVVHQJHU NLORPHWUH 'DQPDUNV 6WDWLVWLN E ,W DOVR
VKRZHG WKDW WKHPRGDO VSOLW LV UHODWLYHO\ LQVHQVLWLYH WRZDUGV WKH WUDQVSRUW SROLF\ DQG
RQO\ TXLWH VXEVWDQWLDO LQLWLDWLYHV FDQ DOWHU WKLV IDFW7KHQXPEHURI FDUVZDV KRZHYHU
TXLWHVHQVLWLYHIURPRQHVFHQDULRWRWKHQH[W7KHFULVLVVFHQDULRDVVHVVHGWKHQXPEHU
RIFDUVWREHWZHHQDQGPLOOLRQZKHUHDVWKHLQWKHJURZWKVFHQDULRVWKHQXPEHU
ZDVEHWZHHQDQGPLOOLRQFDUVLQWKHQXPEHUZDVPLOOLRQ'DQPDUNV
6WDWLVWLNE$FFRUGLQJO\WKHDFFHVV WRFDUV LV VXEVWDQWLDOO\GLIIHUHQWEHWZHHQWKH
VFHQDULRV,WSURYHGYHU\GLIILFXOWWRDVVHVVWKHJRRGVWUDQVSRUWDV LW WXUQHGRXW WREH
YHU\ VHQVLWLYH WRZDUGV WKH VWUXFWXUHRISURGXFWLRQ/LPLWHGFKDQJHVZHUH IRXQGZLWK
UHVSHFWWRWKHPRGDOVSOLWIRUJRRGVIRUUDLODQGIRUVKRUWVHDVKLSSLQJ
7KHHQHUJ\XVHDQGWKHDFFLGHQWVGLGKRZHYHUYDU\VLJQLILFDQWO\EHWZHHQVFHQDULRV,Q
WKHJURZWKVFHQDULRWKHHQHUJ\FRQVXPSWLRQLVHVWLPDWHGWRLQFUHDVHZLWKDERXW
DQGWKHQXPEHURIDFFLGHQWVE\ZKHUHDV WKH ORZJURZWK VFHQDULRV H[SHULHQFHG
UHGXFWLRQVRIDSSUR[LPDWHO\DQGUHVSHFWLYHO\
 7+(+,*+63(('5$,/678'<
(OVDPLVDPDMRUHOHFWULFLW\SURGXFHUWKDWKDGDQXPEHUVFHQDULRVFRQVWUXFWHGIRUWKH
HQHUJ\ VHFWRU LQ  (OVDP  7KLV VWXG\ LV LQFOXGHG LQ WKLV UHYLHZ IRU WZR
UHDVRQV
• 7RLOOXVWUDWHWKHZLGHDSSOLFDELOLW\RIZHOOZRUNHGRXWVFHQDULRVVLQFHWKH\RIWHQLQFOXGHD
EURDGHQRXJKGHVFULSWLRQRIVRFLHWDOGHWHUPLQDQWVWREHDSSOLFDEOHLQRWKHUVHFWRUV
• 7KHVFHQDULRVKDYHEHHQXVHG LQDQHYDOXDWLRQVWXG\RIDSRVVLEOHKLJKVSHHGUDLO
FRQQHFWLRQ EHWZHHQ &RSHQKDJHQ DQG +DPEXUJ %UL[ -: 	 .RXVJDDUG 8

7KHSODQQLQJKRUL]RQIRUWKHVFHQDULRVLVWKH\HDU
7DEOH 7KH(OVDPVFHQDULRVZKLFKZHUHRULJLQDOO\GHYHORSHGIRUWKHHQHUJ\VHFWRU(OVDP7KH
VFHQDULRKDYHKRZHYHUDOVREHHQDSSOLHGWRDKLJKVSHHGUDLODSSUDLVDOVWXG\
%$6(<($5
6&(1$5,2<($5
6&(1$5,2
(XURSHDQLQWHJUDWLRQDQGHFRQRPLFJURZWK *URZWK
(FRQRPLFVWDJQDWLRQDQGXQFHUWDLQW\ &ULVLV
(XURSHDQGLVLQWHJUDWLRQDQGVXVWDLQDEOHGHYHORSPHQW (QYLURQPHQWDO
2QWKHEDVLVRIWKHJHQHUDOWHQGHQFLHVDQGVWUXFWXUHIRXQGLQWKH(OVDPVFHQDULRV%UL[
DQG.RXVJDDUGGHYHORSHGWKHVFHQDULRVIXUWKHU7KHNH\HOHPHQWVDUHIRXQGLQ
7DEOH
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
7DEOH 7KH(OVDPVFHQDULRVZLWK WKH JHQHUDO SODQQLQJ HQYLURQPHQWDO FRQGLWLRQV DQG WKH WUDQVSRUW
UHODWHGDGGLWLRQVIURPWKH%UL[DQG.RXVJDDUGVWXG\
6&(1$5,2 *(1(5$/ 75$1632575(/$7('
*URZWK &RQWLQXHG(XURSHDQ LQWHJUDWLRQZLWK WKH(DVWHUQ
(XURSHDQ FRXQWULHV 7KH SROLWLFDO FOLPDWH LV
SUDJPDWLF DQG HYHQ WKRXJK HQYLURQPHQWDO LVVXHV
DUHLPSRUWDQWFKDQJHVDUHVORZ7KHLPSRUWDQFHRI
ERUGHUVLVVXEVLGLQJ
6LJQLILFDQW LQFUHDVH LQ FURVVERUGHU
WUDQVSRUW,QFUHDVLQJHIILFLHQF\RI WKH
FDUDQGDLUWUDQVSRUWFRPSDUHGWRUDLO
7KH WUDQVSRUW SROLF\ ZLOO DWWHPSW WR
JHWPRUHJRRGVWUDQVSRUWWRXVHUDLO
&ULVLV (XURSH LV WR DQ LQFUHDVLQJO\ ODUJHU GHJUHH
H[SHULHQFLQJXQUHVWDQGFLYLOZDUV7KHZDU LQ WKH
%DONDQV LV MXVW WKH EHJLQQLQJ 7KH WUDQVLWLRQ LQ
(DVWHUQ(XURSH LV VORZ DQG DXWKRULWDULDQ UHJLPHV
DUHUHHPHUJLQJ7KHHFRQRPLFJURZWKLVVORZDQG
WKH(XURSHDQLQWHJUDWLRQLVVWDJQDQW
7KHUHLVUHFHVVLRQRUVWDJQDWLRQLQWKH
WUDQVSRUW VHFWRU 3ULFH EHFRPHV WKH
SULPDU\FRPSHWLWLRQSDUDPHWHU
(QYLURQPHQWDO 7KH GHYHORSPHQW WRZDUGV DQ LQFUHDVLQJO\
LQWHJUDWHG (XURSH VWRSV DQG GLVLQWHJUDWLRQ
FRPPHQFHV7KHQDWLRQDOLGHQWLWLHVDUHLQFUHDVLQJO\
LPSRUWDQW DQG LQWHUQDWLRQDO DJUHHPHQWV DUH
EHFRPLQJ ELODWHUDO 7KH HQYLURQPHQW KHDOWK DQG
VXVWDLQDELOLW\DUHNH\LVVXHV
7KHWUDQVSRUWSROLF\DLPVDWUHGXFLQJ
WKH QHJDWLYH LPSDFWV IURP WUDQVSRUW
DQG SURPRWLQJ UDLO WUDQVSRUW RYHU
URDG WUDQVSRUW 7KH LQWHUQDWLRQDO
WUDIILFZLOO LQFUHDVHDW D ORZHUJURZWK
UDWH
2Q WKH EDVLV RI WKH JHQHUDO WHQGHQFLHV IRXQG LQ HDFK VFHQDULR D ZHLJKW SURILOH H[
SUHVVLQJWUDYHOOHUSUHIHUHQFHVZLWKUHVSHFWWRDYDULHW\RILPSDFWVZDVDVVHVVHGWKURXJK
DOLPLWHGVWDWHGSUHIHUHQFHVXUYH\7KHVHZHLJKWSURILOHVZHUHXVHGWRJHQHUDWHVKDGRZ
SULFHVIRUWKHLPSDFWV7KHVHXQLWSULFHVZHUHXVHGIRUDOO\HDUVLQWKHSODQQLQJSHULRG
%DVHGRQWKHVKDGRZSULFHVDQXPEHURIKLJKVSHHGUDLOVROXWLRQVIURP&RSHQKDJHQWR
+DPEXUJ ZHUH DSSUDLVHG 7KH DQDO\VHV DVVXPHG WKDW D IL[HG OLQN KDG EHHQ EXLOW
EHWZHHQ*HUPDQ\DQG'HQPDUNDFURVV)HKPDUQ%HOW7KHEULGJHLWVHOIZDVKRZHYHU
QRWLQFOXGHGLQWKHVXUYH\
7KHVWXG\DSSOLHGDVFHQDULREDVHGHYDOXDWLRQSURFHGXUHEDVHGRQWKHILUVW\HDUUDWHRI
UHWXUQ WRSHUIRUPD UREXVWQHVV DQDO\VLVRI WKH LQYHVWLJDWHGSURMHFWV7KLVZDV HTXDOO\
FRPELQHGZLWKDVHQVLWLYLW\WHVWIRUGLIIHUHQWSUHIHUHQFHVHWVZLWKLQHDFKVFHQDULR
 7+()8785(2)7+(75$1632576(&725
,QWKH'DQLVK0LQLVWU\RI7UDQVSRUWDQGWKH7UDQVSRUW&RXQFLOFRPPLVVLRQHGD
VFHQDULR VWXG\ IURP WKH ,QVWLWXWHRI)XWXUH5HVHDUFK LQ&RSHQKDJHQ 3DOOXGDQ HW DO
 7KH REMHFWLYH ZDV WR IRUP WKH EDVLV IRU D GLVFXVVLRQ RI WKH IXWXUH WUDQVSRUW
SROLF\(DFKVFHQDULRZDVDVVHVVHGZLWKUHVSHFWWRZKDWWKHH[SHFWHGIXWXUHWUDQVSRUW
ZRUNZRXOGEH(DFK VFHQDULRZDV FRQVWUXFWHG DURXQG D WUHQG IRXQG LQ WKH FXUUHQW
VRFLHW\7KHVHWUHQGVDUH
• 'HUHJXODWLRQLQWKHWUDQVSRUWVHFWRU
 'XH WR(& GLUHFWLYH  WKH WUDQVSRUW VHFWRU LV EHFRPLQJ GHUHJXODWHG 7KH IRUPHU
QDWLRQDOUDLOURDGFRPSDQLHVPXVWEHGLYLGHGLQWRDQLQIUDVWUXFWXUHSURYLGHUDQGDWUDQVSRUW
VXSSOLHUPDNLQJURRPIRUFRPSHWLWLRQEHWZHHQSULYDWHUDLOWUDQVSRUWRSHUDWRU7KHVDPH
DSSOLHV WR DLU WUDQVSRUWZKHUH QDWLRQDO FRPSDQLHV KDYH KDG VRPH VRUW RIPRQRSRO\ RQ
3DJH 3DUW,
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FHUWDLQGHVWLQDWLRQV,QRUGHUWRVXUYLYHDOOLDQFHVDUHHPHUJLQJEHWZHHQDLUOLQHFRPSDQLHV
7KLVPD\DOVRKDSSHQLQWKHUDLOURDGVHFWRULQWKHIXWXUH
• 7KHLQFUHDVLQJHQYLURQPHQWDODZDUHQHVV
 7KH HQYLURQPHQWDO DZDUHQHVV LV LQFUHDVLQJ DW DOO OHYHOV RI VRFLHW\ (FRORJ\ DQG
VXVWDLQDELOLW\DUHNH\FRQFHUQV LQDJULFXOWXUHDVZHOO DV LQ WUDQVSRUW7KH ORFDOYDOXHVDQG
VHOIUHJXODWLRQDUHVHHQDVPHDVXUHVDJDLQVWWKHLQWHUQDWLRQDOGHWHULRUDWLRQRIWKHHQYLURQ
PHQW7KHVHQVLWLYLW\WRZDUGVDLUSROOXWLRQLVLQFUHDVLQJHYHQWKRXJKWKHOHYHORIHPLVVLRQV
KDVEHHQUHODWLYHO\VWDEOHIRUPDQ\\HDUV'DQPDUNV6WDWLVWLNE7KHJOREDOKHDWLQJLV
DFRQFHUQIRUPDQ\
• &RQWLQXLQJ(XURSHDQLQWHJUDWLRQ
 0DQ\(DVWHUQ(XURSHDQFRXQWULHVDUHRQWKHEULQNRIHQWHULQJWKH(XURSHDQ8QLRQ7KH
FRPPRQ FXUUHQF\ VHHPV WR EH D UHDOLW\ ZLWKLQ D IRUHVHHDEOH IXWXUH DQG DQ LQFUHDVLQJ
DPRXQW RI GHFLVLRQV DUH EHLQJ WDNHQ DW DQ LQWHUQDWLRQDO OHYHO 7KH 8QLWHG 1DWLRQV DUH
DWWHPSWLQJWRSOD\DFHQWUDOUROH LQDWWDLQLQJ LQWHUQDWLRQDODJUHHPHQWRQJOREDOKHDWLQJDV
ZHOODVLQSHDFHNHHSLQJPLVVLRQV
• 7KHWHFKQRORJLFDOGHYHORSPHQW
 7KHHQJLQHHIILFLHQF\RISDVVHQJHUFDUVKDVEHHQ LQFUHDVLQJRYHUWKH ODVW\HDUVDQG
PD\ZHOOFRQWLQXHWRGRVR7KHGHFLVLRQRIWKH6WDWHRI&DOLIRUQLDLQ7KH8QLWHG6WDWHVWR
UHTXLUHWKDWD IL[HGSHUFHQWDJHRIDOO FDUV VROGPXVWEH ORZHPLVVLRQYHKLFOHVE\DJLYHQ
\HDUKDV LQFUHDVHGWKHUHVHDUFK LQWREDWWHU\WHFKQRORJ\DQGDOWHUQDWLYHFRPEXVWLRQ7KLV
PD\ZHOO OHDGWRD WHFKQRORJ\ MXPS LQD IRUHVHHDEOH IXWXUH$OVR WKHKRPHFRPSXWHU LV
EHFRPLQJVRZLGHVSUHDGWKDWZRUNLQJDWKRPHLVEHFRPLQJDQRSWLRQ
2Q WKH EDVLV RI WKHVH WUHQGV IRXU VFHQDULRV ZHUH FRQVWUXFWHG IRUPLQJ SRVVLEOH DQG
SUREDEOH IXWXUHV IRU WKH WUDQVSRUW VHFWRU 7KH VFHQDULR KRUL]RQ LV WKH \HDU  E\
ZKLFKWLPHHDFKWUHQGLVDVVXPHGWREHIXOO\IOHGJHG7KHVFHQDULRVDUH
7DEOH 7KHIRXUVFHQDULRVIURPWKHVFHQDULRVWXG\¶7KHIXWXUHRIWKH7UDQVSRUW6HFWRU·3DOOXGDQHWDO

%$6(<($5
6&(1$5,2<($5
75(1' 7+(0(
(FRQRPLFJURZWKDQG(XURSHDQ
LQWHJUDWLRQ
/LEHUDOHFRQRPLF
WKLQNLQJ
7KHPDUNHWRULHQWHGVRFLHW\0.7
(PSKDVLVRQORFDOVRFLHW\DQGVRIW
YDOXHV
6RFLDOVRIWYDOXHV 7KHLQWLPDWHVRFLHW\,17
(XURSHDQLQWHJUDWLRQDQG
LQWHUQDWLRQDOHQYLURQPHQWDO
DJUHHPHQWV
*OREDO(QYLURQPHQWDO
SUREOHPV
7KHVXSUDQDWLRQDOVRFLHW\683
7HFKQRORJLFDOUHYROXWLRQ 7HFKQRORJLFDOGHYHORS
PHQW
7KHWHFKQRORJLFDOVRFLHW\7(&
7KHVFHQDULRVZHUHEDVHGRQDFRKHUHQWDQGSODXVLEOHORJLFIRUPHGDURXQGWKHWUHQGV
OLVWHG DERYH 7KH VFHQDULRV ZHUH SUHVHQWHG DV ¶VWRULHV· FRQVWUXFWHG IURP ¶ZKDWLI·
TXHVWLRQVDVSDUWRIWKHSURFHVV LQRUGHUWRVHFXUHWKH LQWHUQDO ORJLFRIHDFKVFHQDULR
+RZZRXOGZHEHKDYH OHJLVODWHXVHRXUWHFKQRORJ\HWFSURYLGHG WKDWFHUWDLQFRQGL
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
WLRQVSUHYDLO7KHVFHQDULRVDUHVHHQDVH[WUHPHLQWKHVHQVHWKDWLWLVKDUGWRLPDJLQHD
IXWXUHWKDWSXUHO\UHIOHFWVRQHVFHQDULR7KHIXWXUHZLOOPRVWOLNHO\FRQVLVWRIHOHPHQWV
IURPDOOVFHQDULRV7KLVLVLOOXVWUDWHGEHORZ
)LJXUH 7KH IXWXUH VSDFH ZLWK WKH IRXU VFHQDULRV IURP WKH ¶)XWXUH RI WKH 7UDQVSRUW 6HFWRU· VWXG\
3DOOXGDQHWDO0.7²7KHPDUNHWRULHQWHGVRFLHW\,17²7KHLQWLPDWHVRFLHW\683²
7KHVXSUDQDWLRQDOVRFLHW\DQG7(&²7KHWHFKQRORJLFDOVRFLHW\
7KH0DUNHW2ULHQWHG
6RFLHW\0.7
7KH,QWLPDWH
6RFLHW\,17
7KH7HFKQRORJLFDO
6RFLHW\7(&
7KH6XSUD1DWLRQDO
6RFLHW\0.7
7KH IRXU VFHQDULRV DUHSUHVHQWHGEULHIO\EHORZ 3DOOXGDQHW DO  RULJLQDO WH[W LQ
'DQLVK
 7KHPDUNHWRULHQWHGVRFLHW\0.7
´'HQPDUNDQG(XURSHH[SHULHQFHDQHFRQRPLFJURZWKZKLFKUHPDLQV WKHPDLQREMHFWLYH7KHRSHQ
PDUNHWLVGHYHORSHGZLWKGHUHJXODWLRQLQDQXPEHURIVHFWRUVVXFKDVWHOHFRPPXQLFDWLRQWUDQVSRUWDQG
SRVWDO VHUYLFHV 7KH FRPPRQ (XURSHDQ FXUUHQF\ LV D UHDOLW\ 7KH FRPPRQ DJULFXOWXUDO SROLF\ LV
DEDQGRQHG7KHRSHQLQJWRZDUGV(DVWHUQ(XURSHLVSULPDULO\RIDQHFRQRPLFQDWXUH7KHVWDELOLVDWLRQ
RI WKH UHODWLRQVKLSZLWK(DVWHUQ(XURSH LV REWDLQHG WKURXJK IUHH WUDGH DQG HFRQRPLF VXSSRUWZKLFK
FRQWULEXWHVWRWKHHFRQRPLFJURZWKDQGGHPRFUDF\LQWKHUHJLRQµ
 7KHLQWLPDWHVRFLHW\,17
´$QHWKLFDOZDYHZDVKHVDFURVV'HQPDUN$QDWWHPSWLVPDGHWRVWRSWKHSRODULVDWLRQRIWKHVRFLDO
FODVVHV DQG WKH VRFLDO DOLHQDWLRQ WKURXJK D UHRUJDQLVDWLRQ RI VRFLHW\ 7KH ZRUNLQJ KRXUV DUH FXW
VXEVWDQWLDOO\LQRUGHUWRLQFUHDVHHPSOR\PHQWDQG¶FLWL]HQZDJH·LVLPSOHPHQWHG7KHIDPLO\DQGKRPH
SOD\DPRUHFHQWUDOUROHLQHYHU\GD\OLIHDQGWKHH[WUDVSDUHWLPHLVXVHGLQVSLULWXDODFWLYLWLHVVXFKDV
UHOLJLRQ \RJD DQG HGXFDWLRQ 7KH FDUHHU LV VXEVWLWXWHG E\ ¶PHQWDO HTXLOLEULXP· DV D VWDWXV V\PERO
3ROLWLFDOO\WKHVRFLHW\VKRXOGDOVREHLQHTXLOLEULXPZKLFKLQIOXHQFHVERWKWKHHFRQRPLF(XURSHDQDQG
HQYLURQPHQWDOSROLF\µ
 7KHVXSUDQDWLRQDOVRFLHW\683
´7KHSROLWLFDODQGHFRQRPLFLQWHJUDWLRQLQ(XURSHFRQWLQXHV$WWKHVDPHWLPHDQXPEHURIELQGLQJ
LQWHUQDWLRQDODJUHHPHQWVFRQFHUQLQJKXPDQULJKWVHFRQRPLFFRRSHUDWLRQLQWHUHVWUDWHVDQGEXGJHWFR
RUGLQDWLQJDQGWKHHQYLURQPHQWFRQFHUQLQJ&2DUHUDWLILHG7KH81LVDSSRLQWHGWRPRQLWRUWKDWWKH
DJUHHPHQWVDUHREVHUYHGDQGLVJLYHQDXWKRULW\WRLQWHUYHQH7KHFRXQWULHVRQWKH1RUWKHUQ+HPLVSKHUH
3DJH 3DUW,
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KDYHWRDODUJHUH[WHQWRSHQHGWKHLUPDUNHWVWRWKHFRXQWULHVLQWKH6RXWKHUQ+HPLVSKHUHDQGGLIIHUHQW
W\SHVRIGHYHORSPHQWDLGDUHRIIHUHGWRWKHFRXQWULHVLQQHHGKHUHRI%RWKRQWKHFRQGLWLRQVWKDWFHUWDLQ
FULWHULDFRQFHUQLQJWKHHQYLURQPHQWZRUNHUVULJKWV·DQGGHPRFUDF\DUHREVHUYHGµ
 7KHWHFKQRORJLFDOVRFLHW\7(&
´$ WHFKQRORJ\ MXPS RFFXUV DURXQG WKH WXUQ RI WKH PLOOHQQLXP$ VWULQJ RI QHZ WHFKQRORJLHV UHDFK
PDWXULW\ PRUH RU OHVV VLPXOWDQHRXVO\ ZKLFK UDGLFDOO\ FKDQJHV VRFLHW\ (VSHFLDOO\ WKH FRPELQDWLRQ RI
SUHYLRXVO\ GLVSDUDWH WHFKQRORJLHV VXFK DV YLGHR DQG FRPSXWHU WHFKQRORJ\ FUHDWHV D GHFLVLYH TXDOLWDWLYH
FKDQJH7KH GHYHORSPHQW LV DLGHG E\ WKH QHZ JHQHUDWLRQV WKDW KDYH JURZQXS GXULQJ WKLV VLJQLILFDQW
WHFKQRORJLFDO FKDQJH DQG QRZ DUH HQWHULQJ WKH ODERXU PDUNHW 7KHVH JHQHUDWLRQV DUH FDSDEOH RI
UHVSRQGLQJ LQDQDFWLYHZD\ WR WKH FKDQJHV ,Q WKH VDPHZD\ WKDWPDFKLQHV DXWRPDWHG WKH LQGXVWU\
ODUJHSDUWVRIWKHVHUYLFHVHFWRULVQRZEHLQJDXWRPDWHGµ
 $VVHVVPHQWRIWKHVFHQDULRLPSDFW
$V QRWHG D FRPELQDWLRQ RI HOHPHQWV IURP DOO VFHQDULRV LV SUREDEO\ WKH PRVW OLNHO\
)LJXUHLOOXVWUDWHVWKDWWKHPRVWOLNHO\PDLQFRPELQDWLRQVRIVFHQDULRVDUH3DOOXGDQHW
DO
• 0DUNHWRULHQWHG0.7FRPELQHGZLWKWKH,QWLPDWH,17VFHQDULR
 $ GLVWLQFWLYHO\ PDUNHW RULHQWHG VRFLHW\ ZLWK ZHOOGHYHORSHG ORFDO GHPRFUDF\ ZKLFK LV
UHODWLYHO\FORVHGWRZDUGVWKHVXUURXQGLQJZRUOG7KH¶6ZLVV·PRGHO$QRWKHUHOHPHQWLVD
PDUNHWRULHQWHGHQYLURQPHQWDOSROLF\
• ,QWLPDWH,17FRPELQHGZLWKWKH6XSUDQDWLRQDO683VFHQDULR
 7KHZLVK WRDGGUHVV WKHHQYLURQPHQWDO SUREOHPV LVPDGHERWK ORFDOO\ DQGJOREDOO\7KH
ORFDOYDOXHVDQGQDWLRQDOLGHQWLW\FRPELQHGZLWKLQWHUQDWLRQDOPHDVXUHV$JOREDOVXEVLGL
DULW\SULQFLSOHFRXOGFRPELQHWKHVH
• 6XSUDQDWLRQDO683FRPELQHGZLWKWKH7HFKQRORJLFDO7(&VFHQDULR
 7KHLQWHJUDWLRQDQGGHYHORSPHQWRIWKHWUDQVHXURSHDQQHWZRUNV7(1LVLQFUHDVHG7KH
JOREDO RU LQWHUQDWLRQDO DUUDQJHPHQWV RQ WHOHFRPPXQLFDWLRQ RU HQHUJ\ SURGXFWLRQ DQG
GLVWULEXWLRQHWFDUHGHYHORSHGIXUWKHU
• 7KH7HFKQRORJLFDO7(&FRPELQHGZLWKWKH0DUNHWRULHQWHG0.7VFHQDULR
 3ULYDWLVDWLRQLQWKHWHOHFRPPXQLFDWLRQDQGWUDQVSRUWVHFWRUVZKHUHWKHWHFKQRORJ\LVXVHG
DVDEXLOGLQJEORFNIRUWKH(XURSHDQRSHQPDUNHW
7KHVH FRPELQDWLRQV KDYH WKH HIIHFW RI ¶VRIWHQLQJ· WKH YHU\ FOHDU GHILQLWLRQ RI HDFK
VFHQDULRDQGLQWKDWVHQVH LQFUHDVLQJWKHLUSODXVLELOLW\7KHFRPELQDWLRQVFDQEHXVHG
DVDVRUWRIOLWPXVWHVWIRUWKLVW\SHRIVFHQDULRV7KRVHVFHQDULRWKDWDSSHDULPSRVVLEOH
WRFRPELQHZLWKRWKHUVDUHSUREDEO\WRRH[WUHPHWREHDSSOLFDEOHDVVFHQDULRV
7KHVH VKRUWYHUEDO DQGTXDOLWDWLYHGHVFULSWLRQVRI IRXUSRVVLEOH DQGSUREDEOH IXWXUHV
DUHDVVXFKQRWGLUHFWO\DSSOLFDEOH WR WUDQVSRUWSODQQLQJ+RZHYHU WKURXJKDVXEGLYL
VLRQRIWKHGHWHUPLQDQWVDYDLODEOHIURPWKHGHVFULSWLRQGHYHORSPHQWYDULDEOHVPD\EH
DVVHVVHGDVZDVLOOXVWUDWHGLQWKH%UL[DQG.RXVJDDUGVWXG\VHHSDUDJUDSK7KH
)XWXUHRIWKH7UDQVSRUW6HFWRUVFHQDULRVKDYHEHHQXVHGDVLQVSLUDWLRQDQGKDYHEHHQ
DSSOLHGIRUVFHQDULRSDLQWLQJLQFKDSWHUDQGIRUWKHFDVHVWXG\LQFKDSWHU5HIHUHQFH
LVFRQVHTXHQWO\PDGH WR WKHVFHQDULRVRI WKLV VWXG\ WKURXJKRXW7KH0DUNHWRULHQWHG
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH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VFHQDULR 0.7 WKH ,QWLPDWH VFHQDULR ,17 WKH 6XSUDQDWLRQDO VFHQDULR 683 DQG
WKH7HFKQRORJLFDOVFHQDULR7(&
 $127(217+(52%8671(662)6&(1$5,26
+DYLQJUHYLHZHGWKUHH'DQLVKVFHQDULRVWXGLHVDGLVFXVVLRQFRQFHUQLQJWKHUREXVWQHVV
RI VFHQDULRV RYHU WLPH VHHPV UHTXLUHG $UH WKH VFHQDULR SULQFLSOHV DSSOLHG DQG WKH
VFHQDULRVWKHPVHOYHVIURPHJ7UDIILFVWLOOYDOLGWRGD\",IQRWWKHQZK\DUHWKH\
QRW YDOLG DQGZKHQ GRHV D VSHFLILF VFHQDULR VWRS EHLQJ UHSUHVHQWDWLYH IRU D SRVVLEOH
IXWXUH"2QHVXJJHVWLRQLVIRXQGE\ORRNLQJDWWKHGHYHORSPHQWRYHUWLPHRILPSRUWDQW
LQGLFDWRUV7KH\PD\EH DVVXPHGPRYLQJDORQJD FRQWLQXRXV WLPHYHFWRU LQ DPXOWL
GLPHQVLRQDOVSDFH)RUDWZRLQGLFDWRUVSDFHWKHGHYHORSPHQWRYHUWLPHFRXOGORRNDV
VHHQEHORZ
)LJXUH ([DPSOHRIDQLQGLFDWRUVSDFHZLWKDWLPHYHFWRU
;;
7LPH
<
<
*RLQJ EDFN LQ KLVWRU\ LWZRXOG WKHQ EH SRVVLEOH WR IROORZ WKH WUDMHFWRU\ RYHU WLPH
)URP VXFK D ¶IOLJKW· WKHPRUH RU OHVV VLJQLILFDQW FKDQJHV LQ LQGLFDWRUV DW KLVWRULFDOO\
LPSRUWDQW SRLQWV ZRXOG EH GHHPHG QRWLFHDEOH ZKHQ WKH DQJOH RI WKH WUDMHFWRU\ KDG
FKDQJHGQRWDEO\&RQVHTXHQWO\VFHQDULRVFDQEHVDLGWREHYDOLGDV ORQJDVQRQRWLFH
DEOHFKDQJHVLQLQGLFDWRUVKDYH\HWRFFXUUHG:KHWKHUVXFKDSHULRGRIWLPHLVRU
\HDUVLVGLIILFXOWWRVD\7KLVIXUWKHULPSOLHVWKDWWKHEDVH\HDUVDQGVFHQDULR\HDUVDUH
RIOHVVLPSRUWDQFHDVORQJDVWKHVFHQDULRVDUHFRQVLVWHQWZLWKH[LVWLQJWUHQGVDQGVHHP
SODXVLEOHLQWKHSUHVHQWDVZHOODVIRUWKHIXWXUH\HDULQTXHVWLRQ
7KLVSRLQWRIYLHZZRXOGKDYHPDGH WKH IXQGDPHQWDOVRI WKH7UDIILF VFHQDULRV
DSSOLFDEOH IRUDERXW\HDUVXQWLO WKHPLGV+HUHDIWHUDWWLWXGHV WHFKQRORJ\DQG
WKHHFRQRP\HWFKDGFKDQJHGWRRPXFKFRPSDUHGWRWKHSHULRGRIHFRQRPLFUHFHV
VLRQIRXQGLQWKHV(TXDOO\UDSLGFKDQJHVFRXOGEHHQYLVDJHGZKLFKZRXOGPDNH
WKH3DOOXGDQHWDOVFHQDULRVWXG\LQDSSOLFDEOH
3DJH 3DUW,
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$QRWKHULVVXHFRQFHUQLQJVFHQDULRUREXVWQHVVFRQFHUQVWKHVSHFLILFDSSOLFDWLRQRIWKH
VFHQDULRV1RWDOOSURMHFWVRUSROLFLHVDUHLQIOXHQFHGWRWKHVDPHH[WHQWE\DOOLQGLFDWRUV
6RPHVFHQDULRVPD\KDYHRQO\OLPLWHGLQIOXHQFHRQDSURMHFW7KLVPD\EHWKHUHVXOWRI
WKHDSSOLFDWLRQRIDVHWRIYHU\VHFWRUVSHFLILFVFHQDULRVRUWKHIDFWWKDWWKHLQLWLDWLYHLV
UHODWLYHO\UREXVWZLWKUHVSHFWWRWKHLPSRUWDQWLQGLFDWRUVIRUWKHVFHQDULR$QLQGLFDWRU
ZLWK D GLUHFW HIIHFW RQ RQO\ HJ LQWHUQDWLRQDO WUDQVSRUW ZRXOG EH FKDQJHV LQ WKH
(XURSHDQ 8QLRQV SROLWLFDO DQG HFRQRPLFDO FRRSHUDWLRQ ZLWK (DVWHUQ (XURSH 7KLV
PD\ JUHDWO\ LQIOXHQFH VRPH WUDQVSRUW SURMHFWV RI LQWHUQDWLRQDO LPSRUWDQFH EXW RQO\
KDYHVHFRQGDU\DQGPLQRULQIOXHQFHRQORFDOQDWLRQDOWUDQVSRUWSURMHFWV
7KHDSSOLFDWLRQRIROGHUVFHQDULRVLVDFFRUGLQJO\IHDVLEOHSURYLGHGDVPHQWLRQHGDERYH
WKDWWKHVLJQLILFDQWDQGLQIOXHQWLDOLQGLFDWRUVKDYHQRWFKDQJHGWRRPXFK7KLVVKRXOG
KRZHYHUEHDVVHVVHGLQGLYLGXDOO\IURPFDVHWRFDVH
 &21&/8',1*5(0$5.6
,QWKHUHYLHZDERYHVRPHTXDOLWLHVDQGPHWKRGRORJLHVKDYHEHHQUHYLHZHGFRQFHUQLQJ
VFHQDULR FRQVWUXFWLRQ DQG WKH ZD\ WKH VFHQDULRV FDQ EH LQFOXGHG LQ WKH SODQQLQJ
SURFHVV7KHVHDSSURDFKHVFRYHUHGZHUH
 $KLJKO\TXDQWLWDWLYHVFHQDULRVWXG\XVLQJH[WHQVLYHPDWKHPDWLFDOPRGHOOLQJWRVHFXUHWKH
FRQVLVWHQF\RIVFHQDULRV
 7KHDSSOLFDWLRQRIVFHQDULRVFRQVWUXFWHGIRUDQHQWLUHO\GLIIHUHQWSXUSRVHZKLFKLOOXVWUDWHV
WKHIOH[LELOLW\RIZHOOGHYHORSHGVFHQDULRV
 $PRVWO\TXDOLWDWLYHVFHQDULRVWXG\ZLWKVRPHDGGHGH[SHUWMXGJHPHQWRIWKHDVVHVVPHQW
RILPSDFWVZLWKRXWDQ\TXDQWLWDWLYHPRGHOOLQJ
7KH VFHQDULR VWXGLHV LOOXVWUDWHG VRPH RI WKH SRLQWV PDGH SUHYLRXVO\ FRQFHUQLQJ
VFHQDULRFRQVWUXFWLRQ7KHVFHQDULRVLOOXVWUDWHGGLIIHUHQWPHWKRGVIRUHQVXULQJVFHQDULR
SODXVLELOLW\DQGFRQVLVWHQF\7KH7UDIILFVWXG\XVHGDPRGHOOLQJDSSURDFKZKHUH
WKH RWKHUZHUHPDLQO\ GHVFULSWLYH LQ WKH VWUXFWXULQJ RI VFHQDULR DQG V\VWHPV FRQVLV
WHQF\&RPPRQWRWKHLUDSSURDFKZDVKRZHYHUWKHGHWHUPLQDWLRQRINH\GHYHORSPHQW
YDULDEOHV LPSRUWDQW LQWKHSODQQLQJFRQWH[W2QO\WKH7UDIILFVWXG\GLGFRQVLGHU
WKHGHYHORSPHQWSURILOHDVWKLVZDVUHTXLUHGIRUWKHPRGHOOLQJV\VWHPWRZRUN1RQH
RIWKHVFHQDULRVWXGLHVGLGKRZHYHUFRQVLGHUH[DFWO\ZKDWSDWKWRDSSO\7KHLVVXHRI
SDWK RU GHYHORSPHQW SURILOH LV LPSRUWDQW LQ D FRQWH[W RI SURMHFW DSSUDLVDO 7KLV
SUREOHPDQGPHWKRGVIRUGHULYLQJGHYHORSPHQWSURILOHVIRUWKHVFHQDULRVDUHGLVFXVVHG
LQFKDSWHU
)RUWKHSXUSRVHRIWKLVVWXG\LWVHHPVXVHIXOWRDSSO\DFRPPRQGHILQLWLRQRIWKHWHUP
VFHQDULR,QFKDSWHUDGHILQLWLRQSURYLGHGE\$\UHVGHILQHGDVFHQDULRDV´«D
ORJLFDODQGSODXVLEOHEXWQHFHVVDULO\SUREDEOHVHWRIHYHQWVERWKVHULDODQGVLPXOWDQHRXVZLWKFDUHIXO
DWWHQWLRQWRWLPLQJDQGFRUUHODWLRQ·VZKHUHYHUWKHODWWHULVVDOLHQWµ,QWKLVVWXG\DPRUHUHVWULFWLYH
GHILQLWLRQLVDSSOLHGVRWKDW5HKIHOG&
A scenario is a plausible description of the exogenous (economic, social, envi-
ronmental, political and technological) conditions in a possible and probable fu-
ture with attention to timing.
6FHQDULRVDQGORQJUDQJHSODQQLQJ 3DJH
&ODXV5HKIHOG
7KHGHILQLWLRQLPSOLHVWKDWWKHSUHFRQGLWLRQVIRUWKHGHYHORSPHQWYDULDEOHVDQGPRGHOV
DUHZLWKLQLQIOXHQFHRIWKHVFHQDULR7KLVLVVXHZLOOEHGLVFXVVHGLQGHWDLOLQFKDSWHU
 /,7(5$785(
$OOSRUW HW DO  $OOSRUW 5- &ODYHULQJ -0	 3HDUPDQ $' 7KH XVH RI
VFHQDULR WHFKQLTXHV WR IRUPXODWH WUDQVSRUW VWUDWHJ\ IRU DQ XUEDQ DUHD 375& VXPPHU DQQXDO
PHHWLQJ3URFHHGLQJV*
$79  7UDILN  (W IRUVNQLQJVSURMHNW RP WUDILNNHQV XGYLNOLQJ XQGHU IRUVNHOOLJH
VDPIXQGVP VVLJHIRUXGV WQLQJHU²+RYHGUDSSRUW$NDGHPLVNIRUODJ1RYHPEHU
$\UHV58 7HFKQRORJLFDO)RUHFDVWLQJ DQG/RQJ5DQJH 3ODQQLQJ0F*UDZ+LOO1HZ
<RUN
%RXUQHBB
%UL[-:	.RXVJDDUG89XUGHULQJDIDOWHUQDWLYHUIRUK¡MKDVWLJKHGVEDQHU²6WU NQLQ
JHQ.¡EHQKDYQ5¡GE\(NVDPHQVSURMHNW ,QVWLWXW IRU9HMH 7UDILN RJ%\SODQ'DQPDUNV
7HNQLVNH8QLYHUVLWHW-XQL
'DQPDUNV 6WDWLVWLN E 6WDWLVWLVNH HIWHUUHWQLQJHU ² 0LOM¡ ² (PLVVLRQHU IUD YHMWUDILNNHQ
'DQPDUNV6WDWLVWLN
(OVDP8GYLGHOVHVSODQ83,QWHUQ5DSSRUW
0DNULGDNLV HW DO  0DNULGDNLV 6 :KHHOZULJKW 6& 	 +\QGPDQ 5- 
)RUHFDVWLQJ²PHWKRGVDQGDSSOLFDWLRQV:LOH\WKLUGHGLWLRQ
0HDGRZVHWDO/LPLWVRIJURZWK8QLYHUVH%RRNV
3DOOXGDQ HW DO  3DOOXGDQ 8 -HQVHQ 6 cJHUXS 0 	 +HQULTXHV 0 
7UDQVSRUWVHNWRUHQV IUHPWLG ² ILUH VFHQDULRHU IRU WUDILN RJ VDPIXQG 7UDQVSRUWUnGHW 1RWDW QU
$SULO
3HDUPDQ $'  6FHQDULR FRQVWUXFWLRQ IRU WUDQVSRUW SODQQLQJ 7UDQVSRUWDWLRQ DQG
SODQQLQJWHFKQRORJ\9ROSS
5HKIHOG & 8VLNNHUKHGVDQDO\VHU L IRUELQGHOVH PHG EHVOXWQLQJVSURFHVVHU IRU WUDILNLQYHVWHU
LQJHU7UDILNGDJHSn$8&·6XSSOHPHQWVELQGSS
6DUORV*$QDO\VHGHV V\VWHPHV HQHUJLWLTXHV1RWHVSUHYLVRLUHVeFROH3RO\WHFKQLTXH
)pGpUDOHGH/DXVDQQH
6FKQDDUV63+RZWRGHYHORSDQGXVHVFHQDULRV/RQJ5DQJH3ODQQLQJ9RO1R
SS
6FKRIHU -/	6WRSKHU35 6SHFLILFDWLRQV IRU D QHZ ORQJUDQJH XUEDQ WUDQVSRUWDWLRQ
SODQQLQJSURFHVV7UDQVSRUWDWLRQSS
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 6&(1$5,26$1'02'(/6
,Q WKH SUHYLRXV FKDSWHU D UHYLHZ RI VFHQDULR WHFKQLTXHV OHG WR WKH DGRSWLRQ RI D
GHILQLWLRQRIVFHQDULRVDVDSSOLHGLQWKLVVWXG\7KLVDLPRIWKLVFKDSWHULVWRRXWOLQHWKH
LQWHUUHODWLRQ EHWZHHQ PRGHO XQFHUWDLQW\ DQG IXWXUH XQFHUWDLQW\ LQ D VFHQDULREDVHG
SODQQLQJ FRQWH[W 7R DFKLHYH WKLV D GLVFXVVLRQ RI WKH VRFLRHFRQRPLF PRGHOOLQJ
SURFHVVLVXQGHUWDNHQLQDFRQWH[WRIVFHQDULREDVHGSODQQLQJ
)LJXUH $VLPSOHPRGHOOLQJIUDPHZRUNIRUVRFLRHFRQRPLFDSSUDLVDO7KHILJXUHLOOXVWUDWHVWKHIORZRI
GDWDDQGWKHORJLFDOPRGHOOLQJDSSURDFKXVHGIRUSURMHFWHYDOXDWLRQ7KHVWUXFWXUHRIWKHLP
SDFWDVVHVVPHQWLVWDNHQIURPWKH(81(7HYDOXDWLRQIUDPHZRUNVDVSUHVHQWHGLQDSSHQGL[$
%DVHGRQ5HKIHOG&
,Q)LJXUHDWUDGLWLRQDOPRGHOOLQJIUDPHZRUNLVLOOXVWUDWHG7KLVPRGHOOLQJIUDPHZRUN
SUHVHQWVWKHPRGHOOLQJVWUXFWXUHRI LQIUDVWUXFWXUHDSSUDLVDO7KHPRGHOOLQJIUDPHZRUN
LVPDGHXSRIIRXUPDLQVWHSV7KHPRGHOOLQJDSSURDFKLVIRUVLPSOLFLW\LQGLFDWHGDVD
OLQHDUSURFHVVEXWLVLQSUDFWLFHIDUPRUHVHDUFKLQJDQGUHSHWLWLYHDQGLQFOXGLQJLQWHUGH
SHQGHQFLHVDQGIHHGEDFNEHWZHHQHOHPHQWV7KHIRXUHOHPHQWVDVOLVWHGDUH
• $VVHVVPHQWDQGSUHGLFWLRQGHYHORSPHQWYDULDEOHV
• 3UHGLFWLRQRIWUDIILFIORZV
• $VVHVVPHQWRILPSDFWV
• (YDOXDWLRQ
7KHPRGHOOLQJIUDPHZRUNVHUYHVDVDQLOOXVWUDWLRQRIWKHLQWHUFRQQHFWLRQEHWZHHQWKH
GHYHORSPHQWYDULDEOHV WKHPRGHOOLQJRI WUDIILF IORZV WKH LPSDFW DVVHVVPHQW DQG WKH
HYDOXDWLRQ HDFKRIZKLFKPD\ LQYROYH KLJKO\ FRPSOH[PRGHOOLQJ H[HUFLVHV 7KH ILUVW
WKUHH VWHSV RI WKH PRGHOOLQJ IUDPHZRUN DUH GLVFXVVHG LQ WKLV FKDSWHU ZKHUHDV WKH
HYDOXDWLRQLVVXHLVGHDOWZLWKLQFKDSWHU
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&KDQJHV LQ PXOWLPRGDO WUDQVSRUW V\VWHPV E\ ZD\ RI WUDQVSRUW LQLWLDWLYHV DUH UDUHO\
LVRODWHGHYHQWVWKDWRFFXULQDVHFOXGHGSDUWRIWKHWUDQVSRUWV\VWHP&KDQJHVIRURQH
PRGHPD\ WKURXJKFKDQJHV LQ WKHPRGDO VSOLW WUDQVSRUW GHPDQG WUDIILF GLVWULEXWLRQ
RYHU WLPH ORFDWLRQ SDWWHUQV IRU EXVLQHVVHV DQG UHVLGHQFHV HWF DIIHFWV WKH HQWLUH
WUDQVSRUWV\VWHP3UHGLFWLRQRIWKHVHFKDQJHVLVDKLJKO\FRPSOH[PDWWHUDQGZLOORQO\
EHGLVFXVVHG LQVRIDU DV WKH VXEMHFW UHODWHV VSHFLILFDOO\ WRSURMHFW DSSUDLVDO'HSHQGLQJ
RQWKHSODQQLQJFRQWH[WVHYHUDOGLIIHUHQWDSSURDFKHVIRUDVVHVVLQJWUDIILFIORZVPD\EH
DSSOLHG :HJHQHU  KDV RXWOLQHG WKH PRGHOOLQJ LQWHUGHSHQGHQFLHV LQ WUDQVSRUW
PRGHOOLQJDVVHHQEHORZ
)LJXUH 7KHODQGXVHWUDQVSRUWIHHGEDFNF\FOHIURP:HJHQHULQ/HOHXUHWDO
7KLV ILJXUHRXWOLQHV WKHH[WHQWRI LQWHUDFWLRQIRXQG LQ WKHEHKDYLRXURI WKH WUDQVSRUW
V\VWHP7KHXSSHUKDOIRIWKHF\FOHUHYHDOVWKH LQWHUUHODWLRQVKLSV IRXQGIRU WKH WUDQV
SRUW V\VWHPDORQH7KH ORZHUKDOI LQFOXGHV WKH UHODWLRQ WR WKH ODQGXVHSDWWHUQV7KH
DSSOLFDWLRQRIPRGHOVIRUWKHGHVFULSWLRQRIWKHVHLQWHUGHSHQGHQFLHVZLOOGHSHQGRQWKH
SODQQLQJFRQWH[W
,QWKHVLPSOHVWFDVHZKHUHWKHGHPDQGLVIL[HGRQO\WKHXSSHUOHIWFRUQHURIWKHF\FOH
FRPHLQWRSOD\,IWKHSURMHFWLQTXHVWLRQLQYROYHVDVXEVWDQWLDOFKDQJHLQWKHJHQHUDO
LVHG WUDQVSRUW FRVW WKH UHVSRQVHVPD\EHHYHQPRUHFRPSOLFDWHGDV WKHPRGDO VSOLW
LQGXFHGWUDIILFDQGFKDQJHVLQMRESDWWHUQVDQGFDURZQHUVKLSPD\JHWDIIHFWHG(YHQ
IXUWKHURQWKHVHFKDQJHVPD\DIIHFWWKHODQGXVHSDUWRIWKHF\FOHZKLFKLQYROYHVWKH
UHORFDWLRQRIEXVLQHVVHVDQGSHRSOH7KHIXOOLPSOLFDWLRQVRIVXFKLQWHUGHSHQGHQFLHVDUH
QRUPDOO\RYHUORRNHGEXWVRPHODQGXVHPRGHOVLQFOXGHHOHPHQWVRIWKHFLUFOH
7KHIRUHFDVWVRIWKHFKDQJHV LQWUDIILFIORZVDQGODQGXVHSDWWHUQVDUHQRUPDOO\PDGH
IRU D OLPLWHG QXPEHU RI FDOFXODWLRQ \HDUV HJ WZR WR IRXU IRUHFDVWV IRU D  \HDU
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SODQQLQJSHULRG7KLVPDLQO\GXHWRWKHPRGHOOLQJFRPSOH[LWLHVDQGGXHWRWKHLQHUWLD
RIWKHV\VWHPWKDWVRPHWLPHVLQYROYHVXEVWDQWLDOWLPHODJV7KHIROORZLQJFDWHJRULVDWLRQ
GLYLGHV WKH HOHPHQWV RI WKH ODQGXVH WUDQVSRUW IHHGEDFN F\FOH DFFRUGLQJ WR WKHLU
UHVSRQVHWLPH:HJHQHU0
• ,PPHGLDWHFKDQJHVRFFXUZLWKUHVSHFWWRWKHUHGLVWULEXWLRQRIJRRGVDQGSDV
VHQJHUWUDQVSRUWRQWKHWUDQVSRUWQHWZRUNDVWKHVHTXLFNO\DGMXVWWRFKDQJHVLQ
WKHWUDYHOUHVLVWDQFH3ODQQLQJSHULRGLVZLWKLQRQH\HDU
• )DVWFKDQJHVFRQFHUQVWKHHPSOR\PHQWRSSRUWXQLWLHVDQGWKHUHORFDWLRQRIWKH
SRSXODWLRQWRDGMXVW WRFKDQJHV LQYROYLQJWKHFUHDWLRQDVZHOODVWKHDEROLVK
PHQWRIMRERSSRUWXQLWLHV7KHSODQQLQJSHULRGLVZLWKLQILYHWRWHQ\HDUV
• 6ORZFKDQJHVUHODWHWRWKHSK\VLFDOORFDWLRQRIWKHZRUNSODFHVDQGKRXVHVWKDW
FRQWDLQWKHEXVLQHVVHVDQGWKHSRSXODWLRQ7KHVHWDNHWLPHWRGHYHORSDQGDUH
YHU\VWDEOH$SODQQLQJSHULRGEH\RQGWHQWRWZHQW\\HDUV
• 9HU\VORZFKDQJHVUHODWHWRWKHSK\VLFDOWUDQVSRUWQHWZRUNZKLFKLVYHU\SHU
PDQHQWRYHUWLPH
'HSHQGLQJRQWKHSODQQLQJFRQWH[WDQGWKHSODQQLQJKRUL]RQWKHVHHOHPHQWVPD\EH
GHYHORSPHQWYDULDEOHVWRFRQVLGHUZKHQPRGHOOLQJWUDQVSRUWIORZVLQWKHORQJUDQJH
 7+($66(660(172)75$9(//(5%(1(),76
)ROORZLQJWKHFRPSOHWLRQRIWKH0PRWRUZD\DURXQG/RQGRQVLJQLILFDQWGLVFXVVLRQV
RQWKHLQGXFHGWUDIILFVXUIDFHG6HHHJ*RRGZLQ3%,Q'HQPDUNWKHWUDIILF
JURZWKRYHUWLPHRQDURDGOLQNLVWUDGLWLRQDOO\GLYLGHGLQWRIRXUPDLQJURXSV/HOHXU
6SS
• ([LVWLQJWUDIILF
 7KHH[LVWLQJURDGWUDIILFSOXVWUDIILFGLYHUWHGIURPRWKHUOLQNVURXWHFKDQJHVDQGPRGDO
FKDQJHV
• 1RUPDOWUDIILFJURZWK
 7KHDJJUHJDWHJURZWKVWHPPLQJIURPWKHSRSXODWLRQJURZWKDQGWKHJURZWK LQFDUGHQ
VLW\DQGGHFUHDVHVLQWKHYHKLFOHRFFXSDQF\UDWH
• *HQHUDWHGWUDIILF
 ,QFUHDVHV LQ WULS IUHTXHQF\ VWHPPLQJ IURP D GHFUHDVH LQ WKH JHQHUDOLVHG FRVW RI WUDYHO
7KHVHWULSVZHUHHDUOLHUVXSSUHVVHG
• 'HYHORSHGWUDIILF
 7UDIILF JURZWK FDXVHG E\ HLWKHU D FKDQJH WRPRUH UHPRWH GHVWLQDWLRQV RU RULJLQV 7KLV
LQFOXGHVFKDQJHVLQODQGXVHDVHJWKHORFDWLRQRIDQHZSODQW
7KHGLIIHUHQWHOHPHQWVRIWUDIILFJURZWKLVVHHQJUDSKLFDOO\EHORZ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)LJXUH (OHPHQWVRIWUDIILFJURZWK/HOHXU6
7KH WUDYHOOHU EHQHILWV VWHPPLQJ IURP LQIUDVWUXFWXUH RU ODQGXVH FKDQJHV PD\ EH
DVVHVVHGWKURXJKWKHFKDQJHVLQWKHJHQHUDOLVHGFRVWDQGWKHQXPEHURIWULSVEHWZHHQ
]RQH SDLUV 7KHVH EHQHILWV DUH IRU HDFK PRGH FDOFXODWHG DV NQRZQ IURP WUDGLWLRQDO
PLFURHFRQRPLFV VHH)LJXUH 7KH UHFWDQJOH&')& LV WKH WUDYHOOHU EHQHILW WKDW
DFFUXHV WR WKH WUDYHOOHUV WKDW DUH DOUHDG\ XQGHUWDNLQJ WULSV E\PRGHPEHWZHHQ ]RQH
SDLUV 7KH EHQHILW WULDQJOH'() DUH EHQHILWV WR D UDQJH RI WUDYHOOHUV FRPSULVLQJ WKH
JHQHUDWHGDQGGHYHORSHGWULSVDVZHOODVWKHH[LVWLQJWULSVZKHUH WKH WUDYHOOHUFKDQJHV
PRGHIURPPRGHQWRPRGHPRUYLFHYHUVDLQGXFHGWUDIILF
)LJXUH 7KHWULSGHPDQGVHHQ LQUHODWLRQWRWKHJHQHUDOLVHGFRVWRI WUDYHOE\PRGHPEHWZHHQ]RQH
SDLUV0DFNLH3
E
Q1Q0
C1
C0
'
Volume of trips from A to B by mode m
Traveller cost per trip by mode m
F
Benefit to induced traffic
Benefit to existing  
trips by mode m
D
6
6
7KH WUDYHOOHUV UHSUHVHQWHGE\ WKH WULDQJOH'()ZHUHSUHYLRXVO\ QRWZLOOLQJ WRSD\ WR
XQGHUWDNH WKH WULSV EHWZHHQ WZR ]RQHV E\PRGHP 'XH WR WKH UHGXFWLRQ LQ WUDYHO
FRVW WKH QHZ WULS E\ WKH WUDYHOOHU ZLWK WKH KLJKHVW ZLOOLQJQHVV WR SD\ JHWV WKH IXOO
EHQHILW & ² & ZKHUHDV WKH QHZ WUDYHOOHU ZLWK WKH ORZHVW ZLOOLQJQHVV WR SD\ LV
LQGLIIHUHQWWRXQGHUWDNLQJWKHWULSRUQRW7KLVLVWUXHDVVXPLQJWKDWWKHPDUJLQDOXWLOLW\
RI D WULS LV GHFUHDVLQJ DFURVV WKH SRSXODWLRQ 7KH WRWDO WUDYHOOHU EHQHILW % IRU HDFK
]RQHSDLUIRUHDFKPRGHLVDFFRUGLQJIRXQGDV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1RWDOORI WKHVHEHQHILWVFDQKRZHYHUEH DVVHVVHGXVLQJD WUDGLWLRQDO IRXUVWHS WUDIILF
PRGHO$IL[HGYHKLFOHWULSPDWUL[FDQDVVHVVWKHH[LVWLQJWUDIILF+LOOV3-7KLV
DVVHVVPHQWRQO\FRYHUVWKHUHFWDQJOH&')&LQ)LJXUH%\ZD\RIDIL[HGSHUVRQ
WULS PDWUL[ WKH WUDYHOOHU EHQHILWV LQFOXGLQJ WKH EHQHILWV IRU WKH WUDYHOOHUV WKDW KDYH
FKDQJHGPRGHFDQEHDVVHVVHG1HLWKHURI WKHVHDSSURDFKHVFDQKRZHYHUGHWHUPLQH
WKH WUDYHOOHU EHQHILWV RI WKH JHQHUDWHG DQG GHYHORSHG WULSV 7KH HYDOXDWLRQ RI WKHVH
WUDYHOOHUEHQHILWVUHTXLUHVWKDWWKHWUDIILFPRGHOEHEDVHGRQDYDULDEOHWULSPDWUL[7KH
SUDFWLFDO EHQHILW DVVHVVPHQW LV KRZHYHU WKH VDPH LQ DOO FDVHV 7KH DVVHVVPHQW DQG
PRGHOOLQJRIWKHPDQ\DQGFRPSOH[DVSHFWVRIDVVHVVLQJERWKWKHYDULDEOHWULSPDWULFHV
DV ZHOO DV WKH DFFRPSDQ\LQJ WUDYHOOHU EHQHILWV KDV EHHQ LQYHVWLJDWHG E\ :LOOLDPV LQ
VHYHUDO RI SDSHUV :LOOLDPV +&:/  :LOOLDPV +&:/ 	 0RRUH /$5
 :LOOLDPV +&:/ /DP :0  :LOOLDPV +&:/ /DL +6 
:LOOLDPV+&:/HWDO:LOOLDPV+&:/	<DPDVKLWD<%XXV1

 ,17(*5$7,9(02'(//,1*
$V LW DSSHDUV WKH OHYHO RI LQWHUFRQQHFWLYLW\ EHWZHHQ WKH LPSDFW DVVHVVPHQW DQG WKH
WUDIILFSUHGLFWLRQLVSURSRUWLRQDOWRWKHFRPSOH[LW\RIWKHSODQQLQJSUREOHP7KLVKDV
EHHQJUDSKLFDOO\LOOXVWUDWHGLQ)LJXUH7KHORZHUPRVWRIWKHS\UDPLGVH[HPSOLI\WKH
PRGHOOLQJ HIIRUW DVVRFLDWHG ZLWK WUDIILF PRGHOV ZKHUHDV WKH XSSHUPRVW S\UDPLG
H[HPSOLI\WKHPRGHOOLQJHIIRUWDVVRFLDWHGZLWKLPSDFWPRGHOOLQJ7KHLQWHUFRQQHFWLYLW\
EHWZHHQWKHWZRPRGHOOLQJHIIRUWVLVLQSUDFWLFHRIWHQYHU\OLPLWHG7KLVLVLOOXVWUDWHGE\
WKHIDFWWKDWWKHSHDNVRIWKHS\UDPLGVDUHIDFLQJHDFKRWKHU7KHFRQQHFWLRQEHWZHHQ
WKHWZRPRGHOOLQJDUHDV LVREWDLQHGWKURXJKDGDWDWUDQVIHUIURPWKH WUDIILFPRGHO WR
WKHLPSDFWPRGHOV
)LJXUH 7KHGDWDWUDQVIHUDQGLQWHUFRQQHFWLYLW\EHWZHHQWUDIILFPRGHOVDQGLPSDFWPRGHOV LQSURMHFW
DSSUDLVDO7\SH$	% LOOXVWUDWH WKH LQWHUFRQQHFWLYLW\ IRU XQLPRGDO DQGPXOWLPRGDO WUDIILF
PRGHOV UHVSHFWLYHO\ 7\SH & 	 ' LOOXVWUDWHV WKH VHPLLQWHJUDWLYH DQG WKH LQWHJUDWLYH DS
SURDFKHVZKHUHVFHQDULRVDUHXVHGIRUSDLQWLQJWKHPRGHOVWUXFWXUH
A B DC
7\SH$ LQ )LJXUH  LOOXVWUDWHV WKH ORZHVW OHYHO RI LQWHUFRQQHFWLYLW\ ,Q WKLV FDVH WKH
LQWHUFRQQHFWLYLW\DQGGDWD WUDQVIHU LV WKDWRID WUDIILFPRGHOEDVHGRQD IL[HGYHKLFOH
WULSPDWUL[7\SH% LOOXVWUDWHV WKHGDWD WUDQVIHU DQG LQWHUFRQQHFWLYLW\ LQ WKH FDVHRI D
WUDIILFPRGHO LQYROYLQJIL[HGSHUVRQWULSRUYDULDEOHWULSPDWULFHV7KHGDWDWUDQVIHU LV
VRPHZKDW ODUJHU ZKHUHDV WKH LQWHUFRQQHFWLYLW\ UHPDLQV YLUWXDOO\ XQFKDQJHG 7\SH &
3DJH 3DUW,
&ODXV5HKIHOG
LOOXVWUDWHV D VHPLLQWHJUDWLYH DSSURDFK ZKHUH VFHQDULRV DUH XVHG IRU SDLQWLQJ WKH
GHYHORSPHQWYDULDEOHVRIWKH LPSDFWPRGHOV LQWRDFRQVLVWHQWDQGSODXVLEOHFRPSRVL
WLRQRI YDULDEOHV DQG YDOXHV UHIOHFWLQJ HDFK VFHQDULR ,Q WKLV FDVH WKHUH LV VWLOO OLPLWHG
LQWHUFRQQHFWLYLW\EHWZHHQWKHVHWXSRIWKHWUDIILFPRGHODQGWKHLPSDFWPRGHOV7KH
IORZRI LQIRUPDWLRQ DQGGDWD LV VWLOO RQHZD\)LQDOO\ W\SH' LV DQ LOOXVWUDWLRQ RI WKH
LQWHJUDWLYH DSSURDFK RI VFHQDULR EDVHG PRGHOOLQJ ,Q WKH LQWHJUDWLYH DSSURDFK WKH
VFHQDULRV DUH XVHG IRU SDLQWLQJQRW RQO\ WKH LPSDFWPRGHOV EXW WKH HQWLUHPRGHOOLQJ
V\VWHP
,Q WKH UHYLHZRI'DQLVK VFHQDULR VWXGLHV XQGHUWDNHQ LQ FKDSWHU  GLIIHUHQW OHYHOV RI
LQWHJUDWLRQZHUHIRXQG7KHPRVWPRGHOLQWHQVLYHRIWKHVWXGLHVWKH$79VWXG\
XVHGDQLQWHJUDWLYHDSSURDFKWKDWWRVRPHH[WHQGGLGLQFOXGHVFHQDULRVSHFLILFHOHPHQWV
LQ WKHDQDO\VHVRI WKH IXWXUH WUDQVSRUWGHPDQG7KH VFHQDULRVGLGKRZHYHUQRWSDLQW
WKHSODQQLQJ V\VWHP LQ WKH VHQVH WKDW IXQGDPHQWDO DVVXPSWLRQV UHPDLQHG IL[HG7KLV
PD\LQIDFWEHWKHUHDVRQIRUWKH OLPLWHGYDULDWLRQIRXQGLQ WKHVWXG\$OVR WKHVWXG\
ZDVUDWKHUIL[HGDVFRQFHUQHGWKHEUHDGWKRIWKHVFHQDULRV$VFRQFHUQVWKH%UL[DQG
.RXVJDDUG VWXG\  WKH\ DSSOLHG ZHLJKW SURILOHV IRU WKH DVVHVVPHQW RI WUDYHOOHU
SUHIHUHQFHVDQGDVVHVVHGWKHWUDYHOGHPDQGDFFRUGLQJO\7KLVVWXG\DGGUHVVHGWKHLVVXH
RI SDLQWLQJ DWWLWXGHV EXW QRW PRGHOV DV HJ WKH WUDYHO SDWWHUQ UHPDLQHG IL[HG LQ DOO
VFHQDULRVZKLFKOLPLWVWKHIXWXUHVSDFH
 ,17(*5$7,1*02'(/6
$VFRQFHUQVWKHLQWHUFRQQHFWLYLW\EHWZHHQWKHPRGHOOLQJDFWLYLWLHVWKHUHLVDPSOHURRP
IRU IXUWKHU LQWHJUDWLRQ 7KHUH LV TXLWH D ORW RI LQIRUPDWLRQ DYDLODEOH ZLWKLQ WUDIILF
PRGHOVWKDWLPSDFWPRGHOVZRXOGEHQHILWIURP7KHGDWDRXWSXWIURPWUDIILFPRGHOVLV
RIWHQDJJUHJDWHGHYHQWKRXJKWKHPRGHOOLQJDSSURDFKXVHGLVPRUHVRSKLVWLFDWHGWKDQ
WKH UHVXOWV UHYHDO$V DQ H[DPSOH D WUDIILFPRGHOPD\RSHUDWHZLWKPXOWLSOH W\SHVRI
JRRGVWUDQVSRUWRQVSHFLILFDOO\GHVLJQDWHGYHKLFOH W\SHVHYHQWKRXJKWKHRXWSXWRQO\
UHYHDOVWKHWRWDOIORZRISHUOLQN7RDYRLGWKLVSUREOHPRIDJJUHJDWLRQHPLVVLRQVFRXOG
EH FDOFXODWHG IRU HDFK OLQN DORQJVLGH WKH WUDIILF DVVLJQPHQW $QRWKHU H[DPSOH LV WKH
VLPXODWLRQ RI HPLVVLRQV LQ LQWHUVHFWLRQV EDVHG RQ DUULYDO SDWWHUQV JUHHQ ZDYHV HWF
ZKLFK ZRXOG SURYLGH D PRUH GHWDLOHG SLFWXUH RI WKH HPLVVLRQV $ VLPLODU DSSURDFK
ZRXOG EH XVHIXO IRU WKH PRGHOOLQJ RI YHKLFOH RSHUDWLQJ FRVW <HW DQRWKHU H[DPSOH
UHODWHV WR WKH FROG VWDUW SUREOHP VWHPPLQJ IURP WKH IDFW WKDW IRU FROG HQJLQHV WKH
FDWDO\WLFFRQYHUWHUZLOOQRWEHLQRSHUDWLRQ&RQVHTXHQWO\WKHHPLVVLRQVDUHIDUJUHDWHU
LQWKHEHJLQQLQJRIVXFKDWULSWKDQDIWHUDSSUR[LPDWHO\PLQXWHVZKHQWKHHQJLQHDQG
FDWDO\WLFFRQYHUWHULVKRWDQGUXQQLQJRSWLPDOO\%HQGWVHQ+	7KRUVHQ-
 6&(1$5,26$1'02'(/,17(5$&7,21
7KHPRGHOOLQJ V\VWHPDVRXWOLQHGDERYH LV D FRPSOH[PDWWHUZLWKPDQ\ HOHPHQWV RI
XQFHUWDLQW\)ULHQG	-HVVRSDQDO\VHG WKLVXQFHUWDLQW\ LQ WKHSODQQLQJSURFHVV
7KH\GLYLGHGXQFHUWDLQW\LQWKHSODQQLQJSURFHVVLQWRWKUHHEURDGFODVVHVS
• 7KHH[WHUQDOSODQQLQJHQYLURQPHQWXQFHUWDLQW\8(
 8QFHUWDLQWLHV FRQFHUQLQJ WKH SODQQLQJ HQYLURQPHQW WKDW UHODWH WR WKH VWUXFWXUH RI WKH
ZRUOG H[WHUQDO WR WKH GHFLVLRQPDNLQJ V\VWHP7KLV DOVR LQFOXGHV WKH IXWXUH XQFHUWDLQW\
ZLWKUHVSHFWWRWKHSDWWHUQRIFKDQJH
6FHQDULRVDQGPRGHOV 3DJH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• 7KHUHODWHGILHOGVRIFKRLFHXQFHUWDLQW\85
 8QFHUWDLQWLHVZLWKUHVSHFWWRWKHFKRLFHVWKDWPLJKWEHWDNHQZLWKLQWKHGHFLVLRQPDNLQJ
V\VWHP
• 7KHYDOXHMXGJHPHQWXQFHUWDLQW\89
 8QFHUWDLQWLHVZLWKUHVSHFWWRWKHUHODWLYHLPSRUWDQFHSXWRQGLIIHUHQWLPSDFWV LPSDFWVWR
GLIIHUHQWLQFLGHQFHJURXSVRULPSDFWVWKDWFRQFHUQGLIIHUHQWWLPHSHULRGV
7KH DPELWLRQ RI WKH VFHQDULR DSSURDFK LV WR WUHDW WKH IXWXUH XQFHUWDLQW\ FRQFHUQLQJ
YDOXHMXGJHPHQWDQGWKH¶VWUXFWXUHRIWKHZRUOG·FROOHFWLYHO\,QWKHVFHQDULRGHILQLWLRQ
DSSOLHGKHUHVHHFKDSWHUDVFHQDULRVWXG\FRPSULVHVDVHWRIFRQVLVWHQWDQGSODXVLEOH
IXWXUHVWKDWDGGUHVVWKHLVVXHRIIXWXUHXQFHUWDLQW\
 $'(),1,7,212)02'(/81&(57$,17<
7KHLVVXHWKDWKDVQRWEHHQGHDOWZLWKFRQFHUQVZKDW LQIOXHQFHFKDQJHV LQWKH ¶VWUXF
WXUH RI WKH ZRUOG· KDV RQ PRGHOOLQJ )URP D SHUFHSWLRQ WKHRUHWLF SRLQW RI YLHZ
HYHU\WKLQJ LV DPRGHO IURP WKH SLFWXUHV ZH GHYHORS RI WKH ZRUOG ZH OLYH LQ PLQG
PDSVWRWKHDVVXPSWLRQVRQGHVFULSWLYHYDULDEOHVIRUWUDYHOEHKDYLRXUFDURZQHUVKLS
SUHIHUHQFH VHWV :LWK UHVSHFW WR WUDQVSRUW SODQQLQJ PDWKHPDWLFDO PRGHOV LV WKH
SULPDU\FRQFHUQ6XFKPRGHOVDUHDPELJXRXVDEVWUDFWLRQVRUH[WUDFWLRQVRIDFRPSOH[
¶UHDOLW\· ZKLFK FDQQRW EH XQLTXHO\ LGHQWLILHG 7KH HGXFDWLRQ WUDGLWLRQ VRFLDO EDFN
JURXQG HWF RI WKHPRGHOOLQJ SURIHVVLRQDO QHFHVVDULO\ LQIOXHQFHV WKH PRGHOV ,Q WKLV
FDVH PDWKHPDWLFDO PRGHOV DUH DWWHPSWV DW UHSURGXFLQJ UHDOLW\ RQ WKH EDVLV VLPSOH
UHODWLRQVKLSVVHHHJ5HKIHOG&
7KHLQIOXHQFHWKLVVLPSOLILFDWLRQKDVRQWKHPRGHOOLQJXQFHUWDLQW\DGGVWRWKHHQGRJH
QRXVXQFHUWDLQW\7UDIILFPRGHOVDQGLPSDFWPRGHOVPDNHXVHRIDUDQJHRIGHYHORS
PHQWYDULDEOHV7KHXQFHUWDLQW\WKDWUHODWHVWRWKHGHYHORSPHQWYDULDEOHVLQWKHIXWXUH
SODQQLQJHQYLURQPHQWLVWHUPHGH[RJHQRXVXQFHUWDLQW\)RUDSODQQLQJV\VWHPWKHIORZ
RIXQFHUWDLQW\FDQEHLOOXVWUDWHGDVVHHQLQ)LJXUHEHORZ
)LJXUH 3ODQQLQJ XQFHUWDLQW\ LVPDGH XS RI H[WHUQDO XQFHUWDLQW\ UHODWHG WR WKH GDWD VHW LQ D IXWXUH
SODQQLQJHQYLURQPHQWDQGPRGHO LQWHUQDOXQFHUWDLQW\UHODWHGWR WKHPRGHO·VDELOLW\ WRUHSUR
GXFHUHDOLW\DQGRXUDELOLW\WRYHULI\WKDWLWGRHV5HKIHOG&
(QGRJHQRXV
XQFHUWDLQW\
([RJHQRXV
XQFHUWDLQW\
Determination 
of system
Development 
variables
7RWDOPRGHOOLQJ
XQFHUWDLQW\
7KHH[RJHQRXVXQFHUWDLQW\PD\DOVRUHODWHWRWKHXQFHUWDLQW\RISK\VLFDOPHDVXUHPHQW
VXUYH\LQJGDWDFRQYHUVLRQPHWKRGVRURWKHUGDWDSUREOHPVHWFQRWDIIHFWHGE\ WKH
VFHQDULRV
3DJH 3DUW,
&ODXV5HKIHOG
 7:2(;$03/(62)(1'2*(128681&(57$,17<
$V DQ H[DPSOHRI RQH HOHPHQWRI WKH HQGRJHQRXV XQFHUWDLQW\ZH ORRN DW WZR QRLVH
PRGHOV DV VHHQ LQ)LJXUH %RWK DUH*,6EDVHG DQG DSSO\ IXQGDPHQWDOO\ WKH VDPH
IRUPXODVIRUPRGHOOLQJQRLVH1DPHO\WKH&RPPRQ6FDQGLQDYLDQ1RLVH0RGHO²VHH
1DWXUYnUGVYHUNHW2QWKHVDPHGDWDVHWWKHUHVXOWVSURGXFHGZLOOGLIIHULQWKH
ZRUVW FDVH E\ XS WR   0LOM¡VW\UHOVHQ  DQG WKH HQGRJHQRXV XQFHUWDLQW\
FDQQRWEHVDLGWREHWKHVDPH
)LJXUH 7ZRGLIIHUHQW*,6EDVHGQRLVHPRGHOV5HKIHOG&	0LOM¡VW\UHOVHQ
$QRWKHU H[DPSOH RI *,6EDVHG PRGHOV FRQFHUQV WKH FRQYHUVLRQ RI WKH VDPH GDWD
ZKHUHWKHQRLVHH[DPSOHFRQFHUQHGGLIIHUHQWDSSOLFDWLRQVRIWKHVDPHPRGHO,Q)LJXUH
 DQ LOOXVWUDWLRQ RI WKH FRQYHUVLRQ RI OLQNEDVHG HPLVVLRQ GDWD LQWR ]RQH EDVHG
SROOXWLRQGDWDDQGIXUWKHU LQWRH[SRVXUHHVWLPDWHV LVVKRZQ7KHUHVXOWVDUHEDVHGRQ
WKHVDPHPRGHO UHVXOWV DQHPLVVLRQPRGHOEXW WKH LQIRUPDWLRQREWDLQHG IURPHDFK
DSSURDFKLVIXQGDPHQWDOO\GLIIHUHQW
)LJXUH 7ZRGLIIHUHQWSROOXWLRQHVWLPDWHVIRU12;IURPD*,6EDVHGGDWDFRQYHUVLRQ7KHOHIWLPDJH
LOOXVWUDWHV WKHHPLVVLRQVE\ OLQNRI LQ WRQNPSHU\HDUZKHUHDVWKH ULJKW LPDJH LOOXVWUDWHVD
PHDVXUHRIH[SRVXUHE\]RQHLQ7RQ3HUVRQVNPSHU\HDU7KHLQWHUPHGLDWHOHYHOLVWKHSRO
OXWLRQPHDVXUHDOVRE\]RQHLQWRQNP
6FHQDULRVDQGPRGHOV 3DJH
&ODXV5HKIHOG
7KH REMHFWLYH LV WR GHILQH RU GHVFULEH ZKHUHLQ WKH GLIIHUHQFHV EHWZHHQ WKH PRGHOV·
XQFHUWDLQW\OLH
 (1'2*(128681&(57$,17<
(QGRJHQRXVXQFHUWDLQW\LVGLYLGHGLQWRWKUHHPDLQJURXSVRIXQFHUWDLQW\
• 2EMHFWLYHXQFHUWDLQW\
 2EMHFWLYH XQFHUWDLQW\ PD\ E\ PHDQV RI VWDWLVWLFDO PHWKRGV EH TXDQWLILHG LQ WKHRU\
WKURXJKFRPSDULVRQVZLWKUHIHUHQFHRUFRQWUROGDWD
• $GDSWLYHXQFHUWDLQW\
 $GDSWLYH XQFHUWDLQW\ FRQFHUQV WKH DSSOLFDELOLW\ RI D PRGHO WR WKH SODQQLQJ SUREOHP
ZKHWKHUWKHPRGHODFWXDOO\SURYLGHVDQVZHUVWRWKHTXHVWLRQVSRVHG
• 6XEMHFWLYHXQFHUWDLQW\
 6XEMHFWLYHXQFHUWDLQW\ LV UHODWHG WR WKHSHUFHSWLRQRIPRGHO UHVXOWVZKLFK LVQRWGLUHFWO\
TXDQWLILDEOH
7KH VXEMHFWLYH XQFHUWDLQW\ LV QRW RQO\ UHODWHG WR WKH SHUFHSWLRQ RI WKH SODQQHU RU
H[SHUWEXW HTXDOO\PXFK WR WKHGHFLVLRQPDNHUVRUSXEOLFV DFFHSWDQFHRI WKHPRGHO
7KLV EHFDPH YHU\ FOHDU IURP WKH GLVFXVVLRQV IROORZLQJ WKH SXEOLFDWLRQ RI PRGHOOLQJ
UHVXOWV IURP WKH*UHDW%HOW/LQNDQG7KHUHVXQG/LQN FRQVWUXFWLRQ FRQVRUWLD7KH
HOHPHQWVRIWKHHQGRJHQRXVXQFHUWDLQW\DUH
3DJH 3DUW,
&ODXV5HKIHOG
7DEOH 8QFHUWDLQW\HOHPHQWVRIHQGRJHQRXVPRGHOXQFHUWDLQW\5HKIHOG&
81&(57$,17<(/(0(17 '(6&5,37,21
2EMHFWLYHXQFHUWDLQW\
3UHFLVLRQ 'HJUHHRIGHWDLORIWKHUHVXOWV
([DFWQHVV 5HVHPEODQFHZLWKUHIHUHQFHGDWD
5HSURGXFLELOLW\5HOLDELOLW\ 7KHUHVXOWVFDQEHUHSURGXFHGZLWKRXWWRRODUJHGLIIHUHQFH
&RQWLQXLW\ 7KHPRGHOUHVSRQVHVDUHFRQVLVWHQWZLWKRXWGLVFRQWLQXLWLHVZLWKFKDQJHV LQ
GDWDNH\YDULDEOHVRUGDWDUHODWLRQV
$GDSWLYHXQFHUWDLQW\
$SSOLFDELOLW\ 7KHGHJUHHWRZKLFKWKHPRGHOSURYLGHVDQVZHUVWRWKHTXHVWLRQVSRVHG
6XLWDELOLW\ 7KH PRGHO VXLWDELOLW\ IRU WKH SODQQLQJ SUREOHP FRQFHUQLQJ WKH OHYHO RI
DJJUHJDWLRQWKHGDWDDYDLODELOLW\DQGWKHPRGHOREMHFWLYH
)HDVLELOLW\ )HDVLELOLW\ ZLWK UHVSHFW WR WKH EDODQFH WKH DYDLODEOH IXQGV DQG WKH PRGHO
FRPSOH[LW\
6XEMHFWLYHXQFHUWDLQW\
([SHUW
&RQFHSWXDOXQFHUWDLQW\ 8QFHUWDLQW\ FRQFHUQLQJ FDXVH DQG HIIHFW DQGRU ORJLFDO FRPSRVLWLRQ RI WKH
PRGHO
'HVFULSWLYHXQFHUWDLQW\ 4XDOLWDWLYHXQFHUWDLQW\FRQFHUQLQJGDWDDQGUHVXOWV
&RPSDUDWLYHXQFHUWDLQW\ 8QFHUWDLQW\ZLWKUHVSHFWWRZKHWKHUUHVXOWVIURPWZRPRGHOVDUHFRPSDUDEOH
DQGKRZ
0HWDXQFHUWDLQW\ 8QFHUWDLQW\ZLWKUHVSHFWWRWKHOHYHORIXQFHUWDLQW\
3XEOLF'HFLVLRQPDNHUV
&UHGLELOLW\ 'RHVWKHPRGHO UHVXOWV UHSURGXFHDQ LPDJHRI WKH UHDOLW\ZKLFK LV UHFRJQLV
DEOH
&RPSUHKHQVLELOLW\ 8QGHUVWDQGDEOHFDXVHVDQGHIIHFWVWRQRQH[SHUWV'RWKHPRGHODSSHDUWREH
D¶EODFNER[·PRGHO
)DPLOLDULW\ 7KHPRGHOLVUHFRJQLVDEOHRUFRPSDUDEOHWRSUHYLRXVH[SHULHQFHV
7KHREMHFWLYHXQFHUWDLQW\UHSUHVHQWVWKHFRUHWHVWRIPRGHODSSOLFDELOLW\LQDQ\FRQWH[W
:LWKRXWXVHIXOREMHFWLYHYHULILFDWLRQRIPRGHO UHVXOWV WKHPRGHO EHFRPHV LUUHOHYDQW
+HQFH LW LV ZLWK JRRG UHDVRQ WKDW WKH PDMRULW\ RI WKH PRGHOOLQJ HIIRUW LV XVHG DW
YHULI\LQJ WKH PRGHOOLQJ V\VWHP ,I D UHDVRQDEOH OHYHO RI REMHFWLYH XQFHUWDLQW\ LV QRW
UHDFKHGWKHQWKHRWKHUHOHPHQWVEHFRPHLUUHOHYDQW$ORZOHYHORIREMHFWLYHXQFHUWDLQW\
LVWKHOLWPXVWHVWRIDQ\PRGHO
7KHDGDSWLYHXQFHUWDLQW\FRQFHUQVWKHFRQWH[WVSHFLILFDSSOLFDELOLW\RIWKHPRGHOEHLQJ
LI QRW HVVHQWLDO WKHQ YHU\ LPSRUWDQW WR WKH ILQDO PRGHO XQFHUWDLQW\ 7KLV W\SH RI
XQFHUWDLQW\LVDOVRUHODWHGWRWKHDFFHSWDELOLW\RIXQFHUWDLQW\/LPLWHGWLPHDQGIXQGLQJ
PXVW UHVXOW LQ D FRUUHVSRQGLQJDFFHSWDELOLW\RI DKLJKHU OHYHORIXQFHUWDLQW\ ,Q VRPH
FDVHVWKHDGDSWLYHXQFHUWDLQW\ZLOOVHWWKHVWDQGDUGIRUWKHPHDVXULQJURGZLWKUHVSHFW
WRWKHVXEMHFWLYHXQFHUWDLQW\
6FHQDULRVDQGPRGHOV 3DJH
&ODXV5HKIHOG
7KH VXEMHFWLYH XQFHUWDLQW\ LV IDUPRUH LQWDQJLEOH WKDQ WKH RWKHU WZR 7KH VXEMHFWLYH
XQFHUWDLQW\ LVPDGHXSRI WZRSDUWV7KHXQFHUWDLQW\ RI WKHSURIHVVLRQDOZLWK DQ LQ
GHSWKXQGHUVWDQGLQJRIWKHPRGHOOLQJV\VWHPDQGWKHSXEOLFDQGWKHGHFLVLRQPDNHUV
ZLWKRXWWKLVLQVLJKW7KHODWWHUUHJDUGWKHUHVXOWVZLWKUHVSHFWQRWRQO\RQWKHEDVLVRI
REMHFWLYHFULWHULDEXWHTXDOO\EDVHGRQRYHUDOOSODQQLQJREMHFWLYHVDQGFUHGLELOLW\7KH
FRQVHTXHQFH RI WKHVH FRQVLGHUDWLRQV LV WKDW RWKHUZLVH REMHFWLYHO\ JRRG UHVXOWV DUH
XQFHUWDLQ E\ WKH PHUH IDFW WKDW WKH\ GR QRW DSSHDU FUHGLEOH WR WKH SXEOLF 7KLV LV
SUREDEO\ D ZHOONQRZQ SUREOHP :LWK UHVSHFW WR WKH VXEMHFWLYH XQFHUWDLQW\ RI WKH
SURIHVVLRQDO WKHUHZLOODOZD\VEHDIXQGDPHQWDOXQFHUWDLQW\DERXWH[DFWO\KRZXQFHU
WDLQWKHUHVXOWVDUH7KLVKDVEHHQWHUPHGPHWDXQFHUWDLQW\7KLVPD\EHDVVHUWHGWRWKH
IDFWWKDWWKHPRUHLQGHSWKNQRZOHGJHRQHDFTXLUHV WKHPRUHREYLRXV WKH OLPLWDWLRQV
EHFRPH,NQRZRQO\WKDW,NQRZQRWKLQJ
7KHFDWHJRULVDWLRQVKRZVWKDWPRGHOOLQJXQFHUWDLQW\FDQQRWEHDVVHVVHGVLPSO\WKURXJK
RXUDELOLW\WRSHUIRUPVXLWDEOHWHVWVWRYHULI\WKHSHUIRUPDQFHRIDPRGHOEXWHTXDOO\
PXFK ZLWK ¶VRIW· LQWDQJLEOH HOHPHQWV 6LQFH PRGHOV RQO\ DUH HOHPHQWV LQ D SROLWLFDO
GHFLVLRQPDNLQJSURFHVVLWEHFRPHVHYLGHQWWKDWWKHXQFHUWDLQW\WKDWLVDVVRFLDWHGZLWK
PRGHOUHVXOWVQRWRQO\VWHPVIURPPHDVXUDEOHRUTXDQWLWDWLYHXQFHUWDLQW\EXWHTXDOO\
PXFK RU HYHQ PRUH VR E\ WKHVH LQWDQJLEOHV 7KH IROORZLQJ VHFWLRQ GLVFXVVHV WKH
LQWHUDFWLRQEHWZHHQWKHIXWXUHXQFHUWDLQW\DQGWKHHQGRJHQRXVPRGHOXQFHUWDLQW\
 (1'2*(128602'(/81&(57$,17<$1'6&(1$5,26
7KHLQWHUDFWLRQEHWZHHQVFHQDULRVDQGWKHHQGRJHQRXVPRGHOXQFHUWDLQW\LVLOOXVWUDWHG
E\ZD\RI)LJXUH$VVXPHWKDWWKHIUDPHRIWKHILJXUHUHSUHVHQWVDQDEVWUDFWLRQRI
UHDOLW\DQGWKDWWKHILYHOLQHVZLWKLQLWUHSUHVHQWGLIIHUHQWVFHQDULRV7KHFLUFOHVZLWKLQ
WKHIUDPHDUHWKHHOHPHQWVRIHQGRJHQRXVXQFHUWDLQW\FRQFHUQLQJDVSHFLILFPRGHOOLQJ
V\VWHP7KHFLUFOHVGRQRW WRXFK WKH IUDPH WR VKRZ WKDW WKHPRGHO RQO\ GHVFULEHV D
SDUWRI WKH DEVWUDFWLRQPDGH:KLFK LQ LW LPSOLHV WKDWQRPRGHOOLQJ V\VWHP FDQ H[LVW
ZLWKRXWVRPHGHJUHHRIXQFHUWDLQW\7KHVFHQDULRVUHSUHVHQWHGE\WKHVWUDLJKWOLQHVFXW
WKURXJKWKHDEVWUDFWLRQZLWKYDU\LQJGHSWKDQG LQWHQVLW\7KH LQFOLQDWLRQRI WKH OLQHV
LQGLFDWHVWKHWKHPHRIWKHVFHQDULR
3DJH 3DUW,
&ODXV5HKIHOG
)LJXUH ,OOXVWUDWLRQ RI WKH LQIOXHQFH IXWXUH XQFHUWDLQW\ KDV RQ WKH GLIIHUHQW HOHPHQWV RI HQGRJHQRXV
XQFHUWDLQW\7KHLQIOXHQFHLVLOOXVWUDWHGE\ILYHVFHQDULRVGHQRXQFHG$²(5HKIHOG&
2EMHFWLYH
XQFHUWDLQW\
$GDSWLYH
XQFHUWDLQW\
6XEMHFWLYH
XQFHUWDLQW\

5HDOLW\

$
%
&
'
(
7KHILJXUHVKRXOGDLGXQGHUVWDQGLQJWKHZD\LQZKLFKVFHQDULRVLQIOXHQFHDWLQFUHDVLQJ
OHYHOVDPRGHOV HQGRJHQRXVXQFHUWDLQW\1RW DOOPRGHOVRUPRGHOOLQJ DSSURDFKHV DUH
LQIOXHQFHGHTXDOO\E\DOOVFHQDULRV
7KHOLQHV$DQG%UHSUHVHQWVFHQDULRVWKDWGHVFULEHVRFLHWLHVWKDWDUHQRWIXQGDPHQWDOO\
GLIIHUHQWIURPZKDWZHNQRZWRGD\7KHIXUWKHULQWRWKHIXWXUHZHJHWWKHXQFHUWDLQW\
HOHPHQWVFRQFHUQLQJHJDFFHSWDELOLW\RUPHWDXQFHUWDLQW\LVOLNHO\WRFKDQJH2QHVXFK
FKDQJH LQ DFFHSWDELOLW\ FRXOG WKH UHGXFHG FRQILGHQFH LQ HJ FRPSXWHUPRGHOV DV WKH
SROLWLFDOV\VWHPWRDODUJHUGHJUHHUHOLHVRQDQGGHYHORSVHJRWKHUIRUPVRIFRQVHQVXV
EXLOGLQJ WRROV ,Q VXFK D FDVH WKH DGDSWLYH DQG REMHFWLYH GRPDLQV UHPDLQ XQWRXFKHG
ZKHUHDVWKHVXEMHFWLYHGRPDLQVLVLQIOXHQFHG7KHGLIIHUHQFHLQLQFOLQDWLRQEHWZHHQWKH
OLQHV$DQG%FRXOGLOOXVWUDWHDGLIIHUHQFHLQSUHIHUHQFHVFRQFHUQLQJWKHHQYLURQPHQWDO
DQGHFRQRPLFREMHFWLYHV
/LQH & RQ WKH RWKHU KDQG V\PEROLVHV D VFHQDULR ZKLFKPRUH RU OHVV PDLQWDLQV WKH
SUHIHUHQFH VHWV IURP VFHQDULR % SDUDOOHOLVP ,Q VFHQDULR & TXHVWLRQV DUH UDLVHG
FRQFHUQLQJZKHWKHUWKHPRGHODFWXDOO\SURGXFHWKHUHTXLUHGUHVXOWVRULVDSSOLFDEOHWR
WKH SODQQLQJ SUREOHP 6XFK FRQFHUQV FRXOG EH DVVRFLDWHG ZLWK WUDGLWLRQDO VRFLR
HFRQRPLF DQDO\VLV ZKLFK HJ H[FOXGHV VWUDWHJLF REMHFWLYHV FRQFHUQLQJ PRELOLW\
HFRQRPLFGHYHORSPHQWRU WKH JOREDO HQYLURQPHQW WRPHQWLRQ D IHZ$VVXPLQJ WKDW
VXFKFRQFHUQV DUH LQFUHDVLQJO\ LPSRUWDQW LQ D VFHQDULR WKLVZRXOG LQIOXHQFHDPRGHOV
OHYHORIDGDSWLYHXQFHUWDLQW\RYHUWLPH7KLVPD\KRZHYHUQRWQHFHVVDULO\LQIOXHQFHWKH
REMHFWLYHXQFHUWDLQW\RIWKHPRGHO
/LQH'LVDUHSUHVHQWDWLRQRITXLWHIXQGDPHQWDOFKDQJHVLQVRFLHW\ZKLFKQHFHVVLWDWHVD
FRPSOHWH UHHYDOXDWLRQ DQG DGMXVWPHQW RI WKH REMHFWLYH HOHPHQWV RI WKH PRGHO RU
PRGHOOLQJDSSURDFK([LVWLQJDVVXPSWLRQVDQGXQGHUVWDQGLQJVPXVWEHUHFRQVLGHUHG
6FHQDULRVDQGPRGHOV 3DJH
&ODXV5HKIHOG
6XFKDVFHQDULRFRXOGLQYROYHFKDQJHVLQWKHVRFLDOVWUXFWXUHRIRXUVRFLHW\VRWKDWHJ
WKH IDPLO\ RQFH DJDLQ EHFRPHV D FHQWUDO FRUH ZLWK IROORZLQJ FKDQJHV LQ ORFDWLRQ
SDWWHUQV DQG MRE VWUXFWXUH7KLV FRXOG VLJQLILFDQWO\ DOWHU VRPHRI WKHEDFNJURXQG IRU
PRGHOOLQJKXPDQEHKDYLRXU(TXDOO\ D WHFKQRORJLFDO MXPSDW WKH WXUQRI WKHPLOOHQ
QLXPFRXOG FRPSOHWHO\ FKDQJH WKHPRGHOOLQJ DSSURDFK WRPDQ\ ORFDO HQYLURQPHQWDO
HIIHFWVHJSROOXWLRQ
)LQDOO\VRPHPRGHOVDUHVFHQDULRQHXWUDOLQWKHVHQVHWKDWQRHOHPHQWVRIWKHVFHQDULR
DOWHU WKH RYHUDOO XQFHUWDLQW\ DOUHDG\ LQKHUHQW LQ WKH PRGHO ,Q PDQ\ VFHQDULRV QR
LQIOXHQFHZLOORFFXUDVWKHDVVXPSWLRQVWRDODUJHGHJUHHUHPDLQIL[HG0RGHOVWKDWZLOO
PRVW RIWHQ UHPDLQ XQDIIHFWHG E\ VFHQDULRV DUH PRGHOV IRU SK\VLFDO HIIHFWV VXFK DV
QRLVH,IWKHFDUWHFKQRORJ\GRHVQRWGHYHORSQHLWKHUZLOORXUPRGHOOLQJDSSURDFKWR
QRLVHRURXUXQGHUVWDQGLQJRIQRLVHFKDQJH
 &21&/8',1*5(0$5.6
7KHPRGHOOLQJ FRQGLWLRQV VXUURXQGLQJ LQIUDVWUXFWXUH DSSUDLVDO ZDV DQDO\VHG DQG WKH
IUDPHZRUNIRUDQLQWHJUDWLYHDSSURDFKZDVODLGGRZQ7KHXQFHUWDLQW\LQWKHPRGHOOLQJ
V\VWHPZDVGLYLGHG LQWRH[RJHQRXVDQGHQGRJHQRXVXQFHUWDLQW\$Q DQDO\VLV VKRZHG
WKDWWKHHQGRJHQRXVXQFHUWDLQW\FDQEHGLYLGHGLQWRREMHFWLYHDGDSWLYHDQGVXEMHFWLYH
XQFHUWDLQW\&RPELQHGZLWK WKHSUHYLRXVGHILQLWLRQRI VFHQDULRV DSSOLHG LQ WKLV VWXG\
FKDSWHU  WKH LQIOXHQFH VFHQDULRV KDYH RQ PRGHO XQFHUWDLQW\ ZDV GHVFULEHG DQG
JUDSKLFDOO\ LOOXVWUDWHG LQ )LJXUH  7KH QH[W FKDSWHU ZLOO GLVFXVV WKH TXHVWLRQ RI
HYDOXDWLRQ LQ D VFHQDULREDVHG SODQQLQJ FRQWH[W 7KH IROORZLQJ VHFRQG SDUW RI WKLV
UHSRUWZLOOSUHVHQWDPHWKRGRORJ\IRUWKHHQYHORSPHQWRIIXWXUHXQFHUWDLQW\
 /,7(5$785(
$79  7UDILN  (W IRUVNQLQJVSURMHNW RP WUDILNNHQV XGYLNOLQJ XQGHU IRUVNHOOLJH
VDPIXQGVP VVLJHIRUXGV WQLQJHU²+RYHGUDSSRUW$NDGHPLVNIRUODJ1RYHPEHU
%HQGWVHQ + 	 7KRUVHQ - 7RWDO HPLVVLRQV DQG FROG VWDUWV ² 1DWLRQDO SURSRUWLRQV
1RUGLF5RDG	7UDQVSRUW5HVHDUFK1RSS
%UL[ -	.RXVJDDUG8 9XUGHULQJ DI DOWHUQDWLYHU IRU K¡MKDVWLJKHGVWRJ ² 6WU NQLQJHQ
.¡EHQKDYQ5¡GE\ (NVDPHQVSURMHNW ,QVWLWXW IRU 9HMH 7UDILN RJ %\SODQ 'DQPDUNV
7HNQLVNH8QLYHUVLWHW
%XXV16DPIXQG¡NRQRPLVNDQDO\VHDILQYHVWHULQJHULNROOHNWLYWUDILN²(WPHWRGHVWXGLH
&2:,
)ULHQG-.	-HVVRS:1/RFDOJRYHUQPHQW	6WUDWHJLFFKRLFH3HUJDPRQ3UHVV
*RRGZLQ3%(PSHULFDOHYLGHQFHRQLQGXFHGWUDIILF7UDQVSRUWDWLRQSS
+LOOV3-:KDWLVLQGXFHGWUDIILF"7UDQVSRUWDWLRQSS
/HOHXU6 5RDG ,QIUDVWUXFWXUH 3ODQQLQJ ²$'HFLVLRQ2ULHQWHG$SSURDFK 3RO\WHNQLVN
IRUODJ
/HOHXU HW DO /HOHXU 6.URQEDN - 5HKIHOG &	&2:,$WWDFKPHQW UHSRUW WR
(81(7' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ²(81(77UDQVSRUW(YDOXDWLRQ )UDPHZRUN
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN)HEUXDU\
3DJH 3DUW,
&ODXV5HKIHOG
0DFNLH3,QGXFHGWUDIILFDQGHFRQRPLFDSSUDLVDO7UDQVSRUWDWLRQSS
0LOM¡VW\UHOVHQ 0LGGHOIDUW VW¡MNRUWO JQLQJ PHG *,6%%5 $UEHMGVUDSSRUW IUD 0LO
M¡VW\UHOVHQ1U0LOM¡RJHQHUJLPLQLVWHULHW
1DWXUYnUGVYHUNHW%HUlNQLQJVPRGHOI|UYlJWUDILNEXOOHU1DWXUYnUGVYHUNHW
5HKIHOG& $SSOLFDWLRQ RI*,6 LQ7UDIILF 3ODQQLQJ ²:LWK D VSHFLDO HPSKDVLV RQ ORFDO
HQYLURQPHQWDOHIIHFWVDQGGHFLVLRQVXSSRUW3DSHU,QVWLWXWHRI5RDG7UDIILFDQG7RZQ
3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN
5HKIHOG&8VLNNHUKHGVDQDO\VHLIRUELQGHOVHPHGEHVOXWQLQJVSURFHVVHUIRUWUDILNLQYHVWHULQJHU
7UDILNGDJHSn$DOERUJ8QLYHUVLWHW·6XSSOHPHQWVUDSSRUWSS
:HJHQHU0$SSOLHG0RGHOVIRU8UEDQ/DQG8VH7UDQVSRUWDQGWKH(QYLURQPHQW6WDWH
DQGWKH$UWDQG)XWXUH'HYHORSPHQWV7RDSSHDULQ%DWWHQ'.LP7.-/XQGTXLVW/
	 0DWWVVRQ /* 1HWZRUN ,QIUDVWUXFWXUH DQG WKH 8UEDQ (QYLURQPHQW 5HHFHQW
$GYDQFHVLQ/DQGXVH7UDQVSRUWDWLRQ0RGHOOLQJ6SULQJHU9HUODJ%HUOLQ
:LOOLDPV+&:/	0RRUH/$52Q WKH DSSUDLVDO RI KLJKZD\ LQYHVWPHQWV XQGHU
IL[HGDQGYDULDEOHGHPDQG-RXUQDORIWUDQVSRUWHFRQRPLFVDQGSROLF\SS
:LOOLDPV+&:/	<DPDVKLWD < 7UDYHO GHPDQG IRUHFDVWV DQG WKH HYDOXDWLRQ RI
KLJKZD\VFKHPHVXQGHUFRQJHVWHGFRQGLWLRQV-RXUQDORIWUDQVSRUWHFRQRPLFVDQGSROLF\
SS
:LOOLDPV+&:/HWDO/DP:0$XVWLQ -	.LP.6 F7UDQVSRUW
SROLF\DSSUDLVDOZLWKHTXLOLEULXPPRGHOV,,,,QYHVWPHQWEHQHILWVLQPXOWLPRGDOV\VWHPV7UDQVSRU
WDWLRQ5HVHDUFK%9ROXPH%1RSS
:LOOLDPV +&:/ 7UDYHO GHPDQG PRGHOV GXDOLW\ UHODWLRQV DQG XVHU EHQHILW DQDO\VLV
-RXUQDORIUHJLRQDOVFLHQFH9RO1RSS
:LOOLDPV+&:/ /DL+6 7UDQVSRUW SROLF\ DSSUDLVDO ZLWK HTXLOLEULXP PRGHOV ,,
0RGHO GHSHQGHQFH RI KLJKZD\ LQYHVWPHQW EHQHILWV 7UDQVSRUWDWLRQ 5HVHDUFK % 9ROXPH %
1RSS
:LOOLDPV+&://DP:07UDQVSRUWSROLF\DSSUDLVDOZLWK HTXLOLEULXPPRGHOV ,
*HQHUDWHG WUDIILF DQG KLJKZD\ LQYHVWPHQW EHQHILWV7UDQVSRUWDWLRQ5HVHDUFK%9ROXPH%
1RSS
&ODXV5HKIHOG
 $335$,6$/0(7+2'6,13(563(&7,9(
7KH IROORZLQJ VHFWLRQV DUH FRQFHUQHG ZLWK WKH GHYHORSPHQW LQ GHFLVLRQ WKHRU\ DV
IRXQG LQ ORQJ UDQJH WUDQVSRUW SODQQLQJ RYHU WKH ODVW WKLUW\ WR IRUW\ \HDUV 7KLV ZLOO
LOOXVWUDWH VFHQDULREDVHG SODQQLQJ DV D ORJLFDO IXUWKHU GHYHORSPHQW RI WKH H[LVWLQJ
GHFLVLRQWKHRU\,QWKHVZKHQWKHILUVWDFWXDOPDQXDORQVRFLRHFRQRPLFDSSUDLVDO
ZDVODLGGRZQLQ7KH8QLWHG6WDWHV)ORRG&RQWURO$FWLQWRWKHODWHVVRFLDO
FRVWEHQHILW DQDO\VLV 6&%$ZDV VHHQ DV WKH ¶WUXH· UDWLRQDO WRRO IRU GHFLVLRQPDNHUV
/HOHXU 6 7KH UDWLRQDO SODQQLQJ DSSURDFKHV H[SHULHQFHG D FRQWLQXRXVGHYHO
RSPHQW RYHU WKH \HDUV DQG LQ WKH EHJLQQLQJ RI WKH V UHDFKHG D SRLQW ZHUH WKH
UDWLRQDODSSURDFKEHFDPHLQFUHDVLQJO\FRPSUHKHQVLYH
'XULQJ WKH V D QXPEHU RI ¶VRIWHU· LPSDFWV ZHUH DGGHG WR PRVW LQIUDVWUXFWXUH
HYDOXDWLRQ IUDPHZRUNV 7KH IUDPHZRUNV ZHUH H[WHQGHG IURP FRQFHUQLQJ VROHO\
WUDQVSRUW HFRQRPLF LPSDFWV WR LQFOXGLQJ H[WHUQDO HQYLURQPHQWDO LPSDFWV DV ZHOO DV
RWKHUSODQQLQJLPSDFWVDQGWKHVFRSHFKDQJHG,QWKLVSHULRGH[WHQVLYHUHVHDUFKZDV
FRQFHUQHG ZLWK PXOWLFULWHULD HYDOXDWLRQ DSSURDFKHV 7KH UHVHDUFK ZDV IDLUO\ HDUO\
GLYLGHG LQWRDSSURDFKHV WKDWGLVUHJDUGHGWKHEDVLVRIZHOIDUH WKHRU\DVDSSOLHG LQ WKH
VRFLDO FRVWEHQHILW DQDO\VLV DQG WKRVH WKDW DUH EDVHG RQ LW 7KH LQWHQWLRQ ZDV WKH
LQFOXVLRQRI GHFLVLRQPDNHUSUHIHUHQFHV LQ WKH HYDOXDWLRQSURFHVV WR SURPRWH HLWKHU
VDWLVILFLQJRURSWLPLVLQJSURMHFWVHOHFWLRQ7KHXVHRIVFHQDULRVLQDSSUDLVDOVHHPVLQWKH
OLJKWRIWKHGHYHORSPHQW LQWUDQVSRUWUHODWHGGHFLVLRQWKHRU\RYHUWKH ODVW\HDUVWR
EHORJLFDOFRQWLQXDWLRQRIWKHSUHYLRXVDSSUDLVDOWUHQGV
• 5DWLRQDOFRPSUHKHQVLYHSODQQLQJ
• 6HQVLWLYLW\WHVWLQJ
• 0XOWLFULWHULDDQDO\VLV
• 6FHQDULRSDLQWLQJ
7KLV OLQHRIUDWLRQLQJZKHUHGHFLVLRQWKHRU\KDVGHYHORSHGIURPUDWLRQDOFRPSUHKHQ
VLYHSODQQLQJDFURVV VHQVLWLYLW\ DQDO\VLV DQGPXOWLFULWHULD DQDO\VLV IRUPV WKHEDVLV IRU
VXJJHVWLQJDVFHQDULREDVHGDSSURDFKZKLFKDLPVDWH[WUDFWLQJVRPHRIWKHHOHPHQWVRI
WKHH[LVWLQJPHWKRGVDQGEULQJLQJWKHPWRJHWKHULQDVFHQDULREDVHGDSSUDLVDOPHWKRG
RORJ\6($0
 5$7,21$/&2035(+(16,9(3/$11,1*
6RFLRFXOWXUDOV\VWHPVZKLFKLQFOXGHWKHWUDQVSRUWV\VWHPDUHKLJKO\FRPSOH[6\VWHPV
WKHRU\EHLQJWKHXOWLPDWHH[SUHVVLRQRIWKHUDWLRQDOFRPSUHKHQVLYHSODQQLQJWUDGLWLRQLV
EDVHG RQ WKH FRQFHSWLRQ WKDW HYHQ WKRXJK WKH SODQQLQJ HQYLURQPHQW LV FRPSOH[
V\VWHP EHKDYLRXU LV SUHGLFWDEOH HYHQ LQ WKH ORQJ WHUP (VVHQWLDOO\ WKH LGHD LV WKDW
V\VWHPV SUHGLFWLRQ LV SRVVLEOH SURYLGHG WKDW D VXIILFLHQWO\ VRSKLVWLFDWHGPDWKHPDWLFDO
PRGHOLVGHYHORSHGUHO\LQJRQDVXIILFLHQWDPRXQWRIV\VWHPYDULDEOHV
6\VWHPVWKHRU\ZDVLQWURGXFHGLQWUDQVSRUWSODQQLQJLQWKHODWHV)RUDUHYLHZDQG
SUHVHQWDWLRQ RI V\VWHPV WKHRU\ UHIHU WR HJ /HOHXU  RU GH 1HXIYLOOH 	0DUNV
7KH LQWURGXFWLRQ RI V\VWHPV WKHRU\ LQ WUDQVSRUW SODQQLQJ FRLQFLGHGZLWK WKH
GHYHORSPHQW RI WKH FRPSXWHU DQG WKH GHYHORSPHQW RI RSHUDWLRQV UHVHDUFK DV DQ
LQGHSHQGHQW UHVHDUFK ILHOG %XFNOH\  GHILQHG WKUHH VLPSOH V\VWHP W\SHV RU LQ
WKLVFDVHSODQQLQJHQYLURQPHQWV
3DJH 3DUW,
&ODXV5HKIHOG
• 7KHHTXLOLEULDOV\VWHP
 7KLVLVDSODQQLQJHQYLURQPHQWWKDWLV´DIIHFWHGRQO\E\H[WHUQDO·GLVWXUEDQFHV·DQGKDYHQRLQWHUQDO
RUHQGRJHQRXVVRXUFHVRIFKDQJH«DQGVLQFHWKH\DUHUHODWLYHO\FORVHGWKH\KDYHQR IHHGEDFNRURWKHU V\V
WHPDWLFVHOIUHJXODWLQJRUDGDSWLYHFDSDELOLWLHVµ
• 7KHKRPHRVWDWLFV\VWHP
 7KLVSODQQLQJHQYLURQPHQWLVFRPSDUHGWRDVLQJOHFHOORUJDQLVP,QWKLVFDVHµWKHV\VWHP·V
PDLQFKDUDFWHULVWLFV LV LWV IXQFWLRQLQJWRPDLQWDLQWKHJLYHQVWUXFWXUHRIWKHV\VWHPZLWKLQSUHHVWDEOLVKHG
OLPLWV ,W LQYROYHV IHHGEDFN ORRSVZLWK LWV HQYLURQPHQW DQG SRVVLEO\ LQIRUPDWLRQ«EXW WKHVH DUH JHDUHG
SULQFLSDOO\VHOIUHJXODWLRQVWUXFWXUHPDLQWHQDQFHUDWKHUWKDQDGDSWLRQFKDQJHRIV\VWHPVWUXFWXUHµ
• 7KHFRPSOH[DGDSWLYHV\VWHP
 $FRPSOH[DGDSWLYHV\VWHPRUSODQQLQJHQYLURQPHQWLVµRSHQ·LQWHUQDOO\·DVZHOODV¶H[WHUQDOO\·
LQ WKDW WKH LQWHUFKDQJHV EHWZHHQ WKHLU FRPSRQHQWVPD\ UHVXOW LQ VLJQLILFDQW FKDQJHV LQ WKHQDWXUH RI WKH
FRPSRQHQWV WKHPVHOYHVZLWK LPSRUWDQW FRQVHTXHQFHV IRU WKH V\VWHP DV DZKROH«7UXH IHHGEDFN FRQWURO
ORRSVPDNHSRVVLEOHQRW RQO\ VHOIUHJXODWLRQ EXW DOVR VHOIGLUHFWLRQ RU DW OHDVW DGDSWDWLRQ WR D FKDQJLQJ
HQYLURQPHQW«WKHVRFLRFXOWXUDO V\VWHP LV IXQGDPHQWDOO\ RI WKH ODWWHU W\SH DQG UHTXLUHV IRU DQDO\VLV D
WKHRUHWLFDOPRGHORUSHUVSHFWLYHEXLOWRQWKHNLQGVRIFKDUDFWHULVWLFVPHQWLRQHGµ
%DVHGRQWKLVFODVVLILFDWLRQWKHWUDQVSRUWV\VWHPLVFOHDUO\DSDUWRIDFRPSOH[DGDSWLYH
SODQQLQJ HQYLURQPHQW DV LOOXVWUDWHG E\ WKH GLVFXVVLRQV IRXQG LQ FKDSWHU  DQG  $
V\VWHPV DSSURDFK LOOXVWUDWLQJ RI WKH FRPSOH[LWLHV RI WUDQVSRUW SODQQLQJ LV IRXQG LQ
)LJXUHEHORZ
$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH
&ODXV5HKIHOG
)LJXUH $V\VWHPVDSSURDFKWRWKHWUDQVSRUWSODQQLQJHQYLURQPHQW*URXS7UDQVSRUW3OXV
,Q WUDQVSRUW SODQQLQJ V\VWHPV WKHRU\ OHG WR WKH DSSOLFDWLRQ RI RSHUDWLRQV UHVHDUFK
WHFKQLTXHVLQFRPSXWHUPRGHOV2QHRIWKHEHVWNQRZQDSSOLFDWLRQVRIV\VWHPVWKHRU\
WRODUJHWUDQVSRUWSODQQLQJSUREOHPVLVWKH0H[LFR&LW\$LUSRUWVWXG\E\'H1HXIYLOOH
5	.HHQH\5/7KHGHYHORSHGPRGHOFRQVLVWHGRIDVWDWLFVWUDWHJ\VFUHHQ
LQJPRGHODQGDG\QDPLFSROLF\PRGHOFRQFHUQHGZLWKWKHSURMHFWSKDVLQJ
(YHQ WKRXJK WKH PRGHO DQDO\VHG VOLJKWO\ OHVV WKDQ  VWUDWHJ\ DOWHUQDWLYHV ZLWK
UHVSHFWWRLPSDFWVLQDOOVLQFHWZRZHUHWLPHVSHFLILFWKHDXWKRUVFRQFOXGHWKDWWKH
SODQQLQJHQYLURQPHQWVXUURXQGLQJVXFKODUJHSXEOLFLQYHVWPHQWVLVIDUWRRFRPSOH[WR
GHDOZLWKLQDUHODWLYHO\VLPSOHPDWKHPDWLFDOPRGHO$V\VWHPVPRGHOLVHIILFLHQWIRUWKH
DQDO\VLVRIWKHKXJHQXPEHURIDOWHUQDWLYHVHYHQWKRXJKLWGRHVQRWQHFHVVDULO\OHDGWR
GHFLVLRQPDNLQJ DV WKLV LV SDUW RI WKH SROLWLFDO SURFHVV 'H1HXIYLOOH 5 	.HHQH\
5/S
'HVSLWH WKH YHU\ LPSRUWDQW HPSKDVLV WKDW WKH V\VWHPV DQDO\VLV DSSURDFK SXW RQ WKH
FKDQJLQJQDWXUHRIVRFLRFXOWXUDO V\VWHPV IXQGDPHQWDOYDULDEOHVKDYHRIWHQEHHQ OHIW
XQFKDQJHG IRU WKH HQWLUH SODQQLQJ SHULRG HYHQ LQ ORQJ UDQJH SODQQLQJ DSSOLFDWLRQV
6RPHWLPHVVHQVLWLYLW\DQDO\VHVKDYHEHHQSHUIRUPHGRQNH\YDULDEOHVEXWWKHDSSURDFK
KDVIXQGDPHQWDOO\EHHQDVLQJOHSODQQLQJHQYLURQPHQWDSSURDFK
7KH7UDIILF VWXG\ $79SUHVHQWHG LQ FKDSWHU  LV RQHRI IHZ WKRURXJK
DSSOLFDWLRQVRIV\VWHPVWKHRU\IRXQGLQ'DQLVKWUDQVSRUWVWXGLHV,WDSSOLHVDV\VWHPDWLF
YLHZ RI WKH SODQQLQJ HQYLURQPHQW DWWHPSWLQJ DW GHVFULELQJ IXWXUH WUDQVSRUW GHPDQG
3DJH 3DUW,
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DQGWUDQVSRUWSDWWHUQV7KHVWXG\GLGVHQVLEO\LQFOXGHVFHQDULRVDVSDUWRIWKHDSSURDFK
IRUDVVHVVLQJWKHVSDQRIWKHH[SHFWHGIXWXUHGHPDQG
 7+()5$0(:25.(9$/8$7,21$3352$&+
,Q UDWLRQDO FRPSUHKHQVLYH SODQQLQJ HYDOXDWLRQ IUDPHZRUNV DUH RIWHQ XVHG IRU WKH
GHWHUPLQDWLRQRI FRVWV DQGEHQHILWV ,Q DKLVWRULFSHUVSHFWLYH WKHVHHYDOXDWLRQ IUDPH
ZRUNVKDYH HTXDOO\ GHYHORSHGRYHU WLPH IURPEHLQJ WUDIILF HFRQRPLF DQG XQLPRGDO
PDLQO\ URDG WUDQVSRUW VHH HJ 9'  WR EHLQJ YHU\ EURDG DQG PXOWLPRGDO
/RRNLQJDW WKHGHYHORSPHQW LQHYDOXDWLRQIUDPHZRUNVIURPWKH'DQLVKDQG*HUPDQ
+LJKZD\ 3ULRULW\ 0DQXDOV 9'  3/$1&2  WR WKH (XURSHDQ (85(7
$3$65RDG&(&DEIDQGQRZ(81(7/HOHXUHWDO RQHFDQ
DVFHUWDLQ WKDW WKHUH KDV EHHQ DQ LQWHUHVWLQJ GHYHORSPHQW VHH DOVR DSSHQGL[$ 7KH
WUDGLWLRQDO HYDOXDWLRQ IUDPHZRUNV DUH PDLQO\ FRQFHUQHG ZLWK RSHUDWLRQ DQG PDLQWH
QDQFHLVVXHVXVHUEHQHILWVLQWKHEURDGHVWVHQVHDQGORFDOHQYLURQPHQWDOHIIHFWVVXFK
DV QRLVH DLU SROOXWLRQ DQG VHYHUDQFH 7KH(XURSHDQ IUDPHZRUNV KDYH H[SDQGHG WKH
VFRSH 7KH DWWHPSW KDV EHHQ WR FRYHUZKDW 3HDUFH KDV WHUPHG WKH ¶7RWDO HFRQRPLF
YDOXH·3HDUFHHWDO3HDUFH':	7XUQHU5.7KLVFRPSULVHV
• $FWXDOXVHYDOXH
• 2SWLRQYDOXH
• ([LVWHQFHYDOXH
7KHDFWXDO XVH YDOXH LVZKDW WUDGLWLRQDO VRFLDO FRVWEHQHILW DQDO\VLV DQG VRPH VSHFLILF
HQYLURQPHQWDOLPSDFWVDVVHVV7KHXVHYDOXHUHODWHVWRWKHVSHFLILFWULSWKHXVHRIWKH
ORFDO IRUHVW WKH H[SHQGLWXUH RQ URDGPDLQWHQDQFH HWF 7KH XVH YDOXH FRYHUV D ZLGH
UDQJHRIEHQHILWVWKDWDFFUXHIURPXWLOLVDWLRQRUXVH7KHRSWLRQYDOXHLVWKHEHQHILWWKDW
ZHSODFHRQWKHSRWHQWLDORIGRLQJVRPHWKLQJ6LPSO\KDYLQJDFDUHQWDLOVDEHQHILWDVLW
RIIHUV LWV RZQHU WKH SRWHQWLDO IRU LPPHGLDWH WUDYHO HYHQ WKRXJK WKLV SRWHQWLDO LV QRW
XVHG 7KLV DOVR JRHV IRU IRUHVWV WKDW ZH DUH ZLOOLQJ WR SD\ IRU LQ RUGHU WR KDYH WKH
SRWHQWLDOWRXVHLWDWVRPHODWHUVWDJH)LQDOO\WKHH[LVWHQFHYDOXHUHODWHVWRWKHZLOOLQJ
QHVVWRSD\IRUIXWXUHJHQHUDWLRQVVXSSO\RIDQXQSROOXWHGHQYLURQPHQWHYHQWKRXJKLW
KDV QHLWKHU XVH QRU D SRWHQWLDO XVH YDOXH WR XV 7KLV HTXDOO\ LQYROYHV V\PSDWK\ IRU
DQLPDOV VXFK DV ZKDOHV :H KDYH QHYHU VHHQ RQH DQG SUREDEO\ QHYHU ZLOO EXW WKH
WKRXJKWRIWKHLUH[LVWHQFHLVFRPIRUWLQJ
)URPWKHSRLQWRIYLHZRI WKH(81(7 WUDQVSRUW HYDOXDWLRQ IUDPHZRUNV WKHRSWLRQ
YDOXHVDUHDWWHPSWHGLQFOXGHGWKURXJKHJPHDVXUHVRIVWUDWHJLFPRELOLW\VHH.URQEDN
-  DQG WKH H[LVWHQFH YDOXH WKURXJK WKH VWUDWHJLF HQYLURQPHQW 7KH SUREOHP
UHODWLQJWRWKHVHEHQHILWV LV WKDW WKH\DUHGLIILFXOW WRDVVHVV IURPDPRGHOOLQJSRLQWRI
YLHZ%XWLWVHHPVREYLRXVWKDWDFRQFHSWVLPLODUWRWKDWRIWKH¶7RWDOHFRQRPLFYDOXH·
ZLOOEHJXLGLQJIRUIXWXUHGHYHORSPHQWVLQHYDOXDWLRQIUDPHZRUNV
,Q WKH(81(7 WUDQVSRUW HYDOXDWLRQ IUDPHZRUNV LPSDFWV DUH FODVVLILHGE\PRGH LQWR
IRXUPDLQJURXSVVHH/HOHXUHWDODQGDSSHQGL[$
• &RUHLPSDFWV$LPSDFWV
 %DVLFLPSDFWVFRPSULVLQJWUDQVSRUWHFRQRPLFDQGORFDOHQYLURQPHQWDOLPSDFWV
• 1RQFRUHQRQVWUDWHJLFLPSDFWV%LPSDFWV
 ¶6RIW·PRGHVSHFLILFLPSDFWVUHODWLQJWRWKHWUDQVSRUWTXDOLW\DQGWKHYLVXDOHQYLURQPHQW
$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH
&ODXV5HKIHOG
• 6WUDWHJLFWHUULWRULDOLPSDFWV&LPSDFWV
 ,PSDFWVZLWK WHUULWRULDO DIILOLDWLRQ VXFK DVPRELOLW\ FRQVLGHUDWLRQV HFRQRPLF JURZWK DQG
JOREDOHQYLURQPHQW
• 6WUDWHJLFQRQWHUULWRULDOLPSDFWV'LPSDFWV
 2WKHU VWUDWHJLF LPSDFWV ZLWK QR WHUULWRULDO DIILOLDWLRQ VXFK WHFKQRORJ\ GHYHORSPHQW DQG
RWKHUSROLF\DQGSODQQLQJLVVXHV
7KH(81(7IUDPHZRUNIRULQWHUXUEDQURDGLQIUDVWUXFWXUHSURMHFWVLVVHHQEHORZ
7DEOH (81(7IUDPHZRUNIRULQWHUXUEDQURDGLQIUDVWUXFWXUHSURMHFWV9DULDEOHV/HOHXUHWDO
)9,
/06
52$',1)5$6758&785(352-(&77<3(6
9DULDEOHV
,03$&76 ,17(585%$1
&RUHLPSDFWV
$ ,QYHVWPHQWFRVWV 0DWHULDOV ODERXU ODQG DQG SURSHUW\ DFTXLVLWLRQ LQFOXGLQJ
FRPSHQVDWLRQ
$ 6\VWHPRSHUDWLQJDQGPDLQWHQDQFH
FRVWV
6WUXFWXUDOUHSDLUVFDUULDJHZD\GHOLQHDWLRQVLJQLQJHQIRUFHPHQWRI
WUDIILFUHJXODWLRQV
$ 9HKLFOHRSHUDWLQJFRVWV )XHO DQG RLO FRQVXPSWLRQ W\UH ZHDU YHKLFOH PDLQWHQDQFH
GHSUHFLDWLRQ
$ 7UDYHOWLPHEHQHILWV :RUNLQJWLPHKRPHZRUNWLPHDQGOHLVXUHWLPH
$ 6DIHW\ )DWDOLWLHVVHYHUHDQGVOLJKWLQMXULHVGDPDJHRQO\DFFLGHQWV
$ /RFDOHQYLURQPHQW 1RLVHDQGDLUSROOXWLRQVHYHUDQFH
1RQFRUHQRQVWUDWHJLFLPSDFWV
% 'ULYHUFRQYHQLHQFH &RPIRUWVWUHVVVPRRWKQHVV
% 8UEDQTXDOLW\	ODQGVFDSH 9LVXDOHQYLURQPHQW
6WUDWHJLFWHUULWRULDOLPSDFWV
& 6WUDWHJLFPRELOLW\ $FFHVVLELOLW\DQGQHWZRUNV
& 6WUDWHJLFHQYLURQPHQW *UHHQKRXVH HIIHFW VWUDWHJLF DWPRVSKHULF SROOXWLRQ ORVV DQG
GDPDJHRIHFRORJLFDOKLVWRULFDODUFKDHRORJLFDODQGVFLHQWLILF VLWHV
HQHUJ\FRQVXPSWLRQQDWXUDOUHVRXUFHV
& 6WUDWHJLFHFRQRPLFGHYHORSPHQW /DQGXVHHFRQRPLFGHYHORSPHQWHPSOR\PHQWLPSDFW
6WUDWHJLFQRQWHUULWRULDOLPSDFWV
' 3ULYDWHILQDQFLDODWWUDFWLYHQHVV )LQDQFLDOLQWHUQDOUDWHRIUHWXUQQHWSUHVHQWYDOXHRUHTXDO
' 2WKHUVWUDWHJLFSROLF\DQGSODQQLQJ
LPSDFWV
&RQIRUPLW\WRRWKHUVWUDWHJLFSROLF\DQGSODQQLQJFRQFHUQV
6RPHRIWKHLPSDFWVDUHZHOOGHILQHGDQGPRQHWLVHGDQGPD\EHXVHGGLUHFWO\LQDFRVW
EHQHILW DQDO\VLV DV LV WKHFDVH IRU WKH$LPSDFWV7KHRWKHU LPSDFWV DUH KRZHYHUQRW
HDVLO\PRQHWLVHGDQGDUHRIWHQQRWZHOOGHILQHGIURPDPRGHOOLQJSRLQWRIYLHZ
 6(16,7,9,7<7(67,1*
6HQVLWLYLW\WHVWLQJUHIHUVLQWKLVFRQWH[WWRDV\VWHPDWLFYDULDWLRQRIYDULDEOHVZLWKLQWKH
FRQWH[W RI RQH VHW RI SUHFRQGLWLRQV 6LPSOH VHQVLWLYLW\ WHVWLQJ QRUPDOO\ LQYROYHV WKH
3DJH 3DUW,
&ODXV5HKIHOG
YDULDWLRQRIDIHZRIWKHXQFHUWDLQDQGFHQWUDONH\YDULDEOHV7KHVHXQFHUWDLQYDULDEOHV
DUH VHW DW DPRUH H[WUHPHYDOXH KLJKHU DQG ORZHU DQG WKH LQIOXHQFH RQ WKH SURMHFW
VFRUH LV UHYLHZHG ([WHQVLYH DQDO\VHV RI WKLV NLQG DUH UDUHO\ SHUIRUPHG GXH WR WKH
QXPEHURISRVVLEOHFRPELQDWLRQV&RQVHTXHQWO\RQO\DIHZNH\YDULDEOHVDUHSXW LQWR
WKHVHQVLWLYLW\DQDO\VLVIRUSURMHFWVWKDWDUHDOUHDG\VLQJOHGRXWDVDQRSWLPDOVROXWLRQLQ
RUGHUWRJHWDSLFWXUHRIWKHLQIOXHQFHRIHDFKYDULDEOHRQWKHRXWFRPH2QHSUREOHP
ZLWKVLPSOHVHQVLWLYLW\WHVWLQJRIWKLVNLQGLVWKH ODFNRIUHFRJQLWLRQRIWKHFRUUHODWLRQ
EHWZHHQ YDULDEOHV $OOSRUW HW DO  7KH LQIOXHQFH RI VFHQDULRV RQPRGHO XQFHU
WDLQW\DQGWKHPRGHOOLQJVWUXFWXUHDVGLVFXVVHGLQFKDSWHULVQRUPDOO\QHJOHFWHG
2YHU WKH ODVW GHFDGH 'HQPDUN KDV H[SHULHQFHG DQ LQFUHDVLQJ GHPDQG IRU VRFLR
HFRQRPLFYLDELOLW\RISXEOLFO\ILQDQFHGLQIUDVWUXFWXUH LQYHVWPHQWV$UHTXLUHPHQW WKDW
LQFOXGHVHQVLWLYLW\ WHVWV)O\YEMHUJHWDO HPSKDVLVHG WKLVQHFHVVLW\RI VHQVLWLYLW\
WHVWLQJE\LOOXVWUDWLQJWKHIODZRIVLQJOHPLQGHGDSSOLFDWLRQRI6&%$WKURXJKDUHYLHZ
RIDQXPEHURIQDWLRQDODQG LQWHUQDWLRQDOH[SRVWSURMHFWDSSUDLVDOV7KHVH VKRZHGD
JHQHUDOWHQGHQF\WRXQGHUHVWLPDWHXQFHUWDLQW\LQVRFLRHFRQRPLFHYDOXDWLRQV)O\YEMHUJ
HWDOVXJJHVWHGDUHODWLYHO\VLPSOHPHWKRGRIVHQVLWLYLW\WHVWLQJLQYROYLQJ0RVW
/LNHO\'HYHORSPHQW 0/' VFHQDULRV$0/'VFHQDULR LV DV RSSRVHG WR DQ(*$3
(YHU\WKLQJ*RHV$FFRUGLQJWR3ODQ VFHQDULR DQ HVWLPDWLRQ RI SURMHFW FRVWV DQG
EHQHILWVEDVHGRQZKDWKDVEHHQIRXQGLQVLPLODUSURMHFWVHOVHZKHUH7KLVUHGXFHVWKH
QXPEHURIFRPSXWDWLRQVEXWRQ WKHRWKHUKDQG UHTXLUHV DFFHVV WRGDWD IURPVLPLODU
SURMHFWV$ ULVN DVVRFLDWHGZLWK WKH0/' DSSURDFK LV WKH XQZDUUDQWHG HPSKDVLV RQ
RQHVLQJOHGHYHORSPHQWWUHQG,WPD\SURYHDEHWWHUWKDQEHLQJWRRRSWLPLVWLFEXWWKH
DSSURDFKGRHVQRWSURYLGHDQ\LQIRUPDWLRQRQSURMHFWUREXVWQHVV
 68%-(&7,9(352%$%,/,7,(6
6\VWHPDWLFYDULDWLRQVPD\DOVREHEDVHGRQWKHDVVXPSWLRQWKDW VRPHRU DOO YDULDEOHV
DUHVWRFKDVWLF 6HHHJ'DVJXSWD$.	3HDUFH':3HDUFH':	1DVK
&$  $GDPV -  2Q WKH EDVLV RI H[SHUW MXGJHPHQW WKH UDQJH RI HDFK
YDULDEOH LV HVWLPDWHG VXEMHFWLYH SUREDELOLW\ GLVWULEXWLRQV DQG RSWLPDOO\ DOO SRVVLEOH
FRPELQDWLRQVDQGFRUUHODWLRQVDUHLQFOXGHGLQWKHDQDO\VLV(DFKYDULDEOHZLOOKDYHWREH
GHVFULEHG E\ DW OHDVW WKUHH YDOXHV 6XFK DV WKH PHGLDQ WKH ILUVW DQG ODVW GHFLOHV
3HDUPDQ$'$IXOODQDO\VLVRIWKLVNLQGLQYROYLQJYDULDEOHVZLOO UHVXOWV LQ
  VFHQDULRV$ JUHDW GHDO RIZKLFKPD\ EH GLVUHJDUGHG GXH WR ODFNLQJ FRQVLV
WHQF\6WLOODQDQDO\VLVPD\RQO\UDWLRQDOO\EHSHUIRUPHGWKURXJK0RQWH&DUORVLPXOD
WLRQ $OOSRUW HW DO (YHQZLWK WRGD\·V VXEVWDQWLDO FRPSXWHU SRZHU WKH LPSOH
PHQWDWLRQRI WKLV DSSURDFK WR DQHQWLUH WUDQVSRUWSODQQLQJ V\VWHPZRXOGEH D UDWKHU
H[WHQVLYHH[HUFLVH2QFHHDFKSURMHFWDOWHUQDWLYHKDVEHHQDQDO\VHGIRUHDFKVFHQDULR
WKHRSWLPDOVWUDWHJ\FDQEHVHOHFWHGDVWKHRQHZLWKWKHKLJKHVWH[SHFWHGXWLOLW\E\ZD\
RIVWRFKDVWLFGRPLQDQFHVHHHJ&RSHODQG7(	:HVWRQ-)RUYRQ:LQWHU
IHOGW'	(GZDUGV:
8VLQJ VXEMHFWLYH SUREDELOLW\ GLVWULEXWLRQV DV WKH EDVLV IRU HYDOXDWLRQ LV QRW ZLWKRXW
SUREOHPV:LWKUHVSHFWWRWKHVHWWLQJXSRIWKHPRGHOVWXGLHVKDYHUHYHDOHGSUREOHPV
HYHQ IRU H[SHUWV LQ DVVHVVLQJ WKH FRUUHFW FRQILGHQFH LQWHUYDOV RI WKH YDULDEOHV
3HDUPDQ $' :LWKLQ WKHPRGHOOLQJ V\VWHP WKH LQWHUGHSHQGHQFLHV EHWZHHQ
GHYHORSPHQWYDULDEOHVPD\QRWEHIXOO\LQWHJUDWHGQRUIXOO\SHUFHLYHG$OVRWKHGHJUHH
$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH
&ODXV5HKIHOG
RI FRUUHODWLRQ EHWZHHQ YDULDEOHV PD\ ZHOO YDU\ RYHU WLPH DQG WKXV FRPSURPLVH WKH
PRGHOUHVXOWV
)URPWKHSRLQWRIYLHZRIWKHGHFLVLRQPDNHUWKHFRQFHSWRISUREDELOLVWLFUHVXOWVPD\
DOVREHDGLIILFXOWFRQFHSWWRDSSUHFLDWH7KHVLPXODWLRQDSSURDFK LQYROYLQJH[WHQVLYH
FRUUHODWLRQVPD\SURYHVRGLIILFXOWWRH[SODLQWKDWLWXQLQWHQWLRQDOO\UHQGHUVWKHUHVXOWV
OHVV FHUWDLQ LQ WKH H\HV RI WKH GHFLVLRQPDNHUV $OOSRUW HW DO  )RU D PRUH
WKRURXJKGLVFXVVLRQRQVXEMHFWLYHSUREDELOLW\GLVWULEXWLRQVZKLFKLVEH\RQGWKHVFRSH
RIWKLVVWXG\SOHDVHUHIHUWRHJYRQ:LQWHUIHOGW	(GZDUGV
$OHVVFRPSUHKHQVLYHDSSURDFKLQYROYHVWKHZHLJKWLQJRIVFHQDULRVDFFRUGLQJWRWKHLU
OLNHOLKRRG RI RFFXUUHQFH 3HDUPDQ $' VHH DOVR FKDSWHU  /LNHOLKRRG
FRQVLGHUDWLRQV PD\ EH UHJDUGHG DV OHVV VWULFW WKDQ SUREDELOLWLHV EXW PD\ PHUHO\ EH
JHQHUDOUHIOHFWLRQVRIWKHOLNHOLKRRG%\ZD\RIVXFKDQDSSURDFKSURMHFWVLQDSRROPD\
EHUDQNHG7KLVDSSURDFKPD\KRZHYHUJLYHDQXQZDUUDQWHGVHQVHRIFHUWDLQW\ LQ WKH
HYDOXDWLRQUHVXOWV
 08/7,&5,7(5,$'(&,6,210$.,1*
'XULQJWKHV LWZDVUHFRJQLVHGWKDWWKHV\VWHPVWKHRU\IURPD WKHRUHWLFSRLQWRI
YLHZLVLQWHUHVWLQJEXWWKDWRXUXQGHUVWDQGLQJRIWKHSURFHVVHVLQVRFLRFXOWXUDOV\VWHPV
LVYHU\OLPLWHG7KHWUDQVSRUWV\VWHPDQGWKHGHFLVLRQSURFHVVHVDUHIDUWRRFRPSOH[WR
XVHRSWLPLVLQJPDWKHPDWLFDOPRGHOVDORQHDQGRWKHUVROXWLRQVZHUH LQYHVWLJDWHG7KLV
ZDVDFFHQWXDWHGE\WKHIDFWWKDWQRPRGHOVKDGIRUHVHHQWKHHFRQRPLFUHFHVVLRQDQG
WKHORQJSHULRGZLWKORZHFRQRPLFJURZWKWKDWIROORZHGWKHRLOFULVLV
$W WKH VDPH WLPHDQ LQFUHDVLQJ HPSKDVLVZDVSXW RQ HQYLURQPHQWDO LVVXHV WKDWZHUH
IRXQG WR EH GLIILFXOW WR YDOXDWH IRU WKH XVH LQ WUDGLWLRQDO VRFLDO FRVWEHQHILW DQDO\VLV
$OVRVRFLHW\ZDVJHWWLQJLQFUHDVLQJO\SRODULVHGZLWKFRQIOLFWLQJREMHFWLYHV7KHTXHVWLRQ
ZDV ZKLFK SUHIHUHQFHV WR DSSO\ LQ RSWLPLVLQJ PRGHOOLQJ 'HFLVLRQ UHVHDUFK VWDUWHG
IRFXVLQJRQPHWKRGVIRUGHDOLQJZLWKFRQIOLFWLQJSODQQLQJREMHFWLYHV7KHPXOWLFULWHULD
PHWKRGVGHYHORSHGLQWZRPDLQGLUHFWLRQV&(&D
• 2XWUDQNLQJPHWKRGV
• 8WLOLW\EDVHGPHWKRGV
,Q WKLV FRQWH[W RQO\ WKH XWLOLW\EDVHGPHWKRGV DUH RI FRQFHUQ ,Q D 8QLWHG 1DWLRQV
VHPLQDURQ,QWHUQDWLRQDO7UDQVSRUW,QYHVWPHQWVDVFLWHGE\&(&DWKHIROORZLQJ
GLVWLQFWLRQ LVPDGHEHWZHHQXWLOLW\EDVHGPXOWLFULWHULDPHWKRGV DQG WUDGLWLRQDO VRFLDO
FRVWEHQHILWDQDO\VLVWDNHQIURP&(&DDSSHQGL[
´7KHSULPDU\GLIIHUHQFHEHWZHHQWKHWZRPHWKRGVLVWKDWLQFRVWEHQHILWDQDO\VLVWKHDQDO\VWDWWULEXWHV
WKHZHLJKWVWRWKHYDULRXVREMHFWLYHVDQGLVUHVSRQVLEOHIRUWKHDJJUHJDWLRQRIWKHSURMHFW·VHIIHFWZKHUHDV
LQPXOWLFULWHULDDQDO\VLV WKHGHFLVLRQPDNHU JLYHV WKHZHLJKWV WR WKH REMHFWLYHV DQG LV LQYROYHG LQ WKH
ILQDOHYDOXDWLRQSKDVHµ
7KH SRLQW EHLQJ WKDW VRPHWLPHV WKHUH WHQGV WR EH OLPLWHG GLIIHUHQFHV EHWZHHQ WKH
SUDFWLFDO DSSOLFDWLRQ RI HLWKHU PHWKRGRORJ\ 7KLV LV D YHU\ JHQHUDO FRQVLGHUDWLRQ DV
VRPHPHWKRGVDUHFOHDUO\RSWLPLVLQJZKHUHDVRWKHUVDUHVDWLVILFLQJDQGIOH[LEOH
3DJH 3DUW,
&ODXV5HKIHOG
 $87,/,7<%$6('08/7,&5,7(5,$0(7+2'
:$53LVRQHXWLOLW\EDVHGPXOWLFULWHULDPHWKRGXVHGIRUDVVHVVLQJVKDGRZSULFHVRQ
WKHEDVLVRIZHLJKWSURILOHVDQGDSULFHEDVH/HOHXU67KHSULFHEDVHPD\EH
DUELWUDU\RUHJUHODWHWRWKHOHYHORIEHQHILWHVWLPDWHGIURPWKHYDOXDWHGLPSDFWVVXFK
DVWUDYHOWLPHVDYLQJVYHKLFOHRSHUDWLQJFRVWVHWF7KHXQLWSULFHHVWLPDWLRQWHFKQLTXH
LVVHHQLQ(T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%\XVLQJPXOWLSOHZHLJKWSURILOHVSURMHFWSHUIRUPDQFHFDQEHDVVHVVHGWKURXJKVHYHUDO
VFRUHV&RQVHTXHQWO\WKLVDSSURDFKGRHVQRWQHFHVVDULO\SURYLGHDGHILQLWHUDQNLQJRI
SURMHFW DOWHUQDWLYHV 7KH ODWH LQFOXVLRQ RI WKH PXOWLFULWHULD PHWKRG LQ WKH DSSUDLVDO
SURFHVVUHVXOWVLQWKHFROODSVHRIWKHWLPHGLPHQVLRQDVHJWKHPRQHWLVHGLPSDFWVDUH
GLVFRXQWHGLQWRDQHWSUHVHQWYDOXHLQRUGHUWRFRQVWLWXWHWKHSULFHEDVH
:HLJKWSURILOHVDSSOLHGWRWKH(81(7WUDQVSRUWHYDOXDWLRQIUDPHZRUNVFRXOGLQWKLV
FDVHEHDGMXVWHGWKURXJKDWZRVWHSSURFHGXUHDVHWRIZHLJKWVIRUWKH$%&DQG'
LPSDFWJURXSVDQGDPRGHVSHFLILFVHWRIZHLJKWVZLWKLQHDFKJURXS7KH$%&DQG
' ZHLJKWV OHYHO  ZHLJKWV DUH HTXDO IRU DOO PRGHV DQG EDVLFDOO\ UHIOHFW WKH RYHUDOO
SODQQLQJ REMHFWLYH 7KH ZHLJKWV ZLWKLQ HDFK LPSDFW JURXS ZLOO KRZHYHU KDYH WR EH
PRGHVSHFLILF%RWKOHYHOZHLJKWVDQGOHYHOZHLJKWVFRXOGEHGHILQHGHLWKHUGLUHFWO\
RUWKURXJKDSDLUZLVHFRPSDULVRQSURFHGXUH7RLOOXVWUDWHWKHDERYHFRQVLGHUDWLRQVWKH
IROORZLQJZHLJKWH[DPSOHVFDQEHJLYHQ/HOHXUHWDO
7DEOH /HYHORQHZHLJKWSURILOHV,LVD%DVHSURILOH,,LVDSURILOHZLWKHPSKDVLVRQVWUDWHJLFLVVXHV
,,,PDLQO\FRQFHUQVORFDOLVVXHVZKHUHDV,9LVDVWUDWHJ\ZLWKHPSKDVLVRQ&%$
:(,*+7352),/(
,03$&7*5283 , ,, ,,, ,9
$²&RUHLPSDFWV    
%²1RQFRUHQRQVWUDWHJLFLPSDFWV    
&²6WUDWHJLFWHUULWRULDOLPSDFWV    
'²6WUDWHJLFQRQWHUULWRULDOLPSDFWV    
6XP    
*UDSKLFDOO\ WKH OHYHO RQH ZHLJKW SURILOH KDV WKH IROORZLQJ DSSHDUDQFH /HOHXU HW DO

$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH
&ODXV5HKIHOG
)LJXUH /HYHORQHZHLJKWSURILOHZKHUHWKHLPSDFWVJURXSVUHIHUWRWKH(81(7WUDQVSRUWHYDOXDWLRQ
IUDPHZRUNV$&RUH,PSDFWV%²1RQFRUHQRQVWUDWHJLFLPSDFWV&²6WUDWHJLFWHUULWRULDO
LPSDFWVDQG'²6WUDWHJLFQRQWHUULWRULDOLPSDFWV/HOHXUHWDO
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7KH/HYHOGHIDXOWZHLJKWVDUHDVPHQWLRQHGPRGHVSHFLILFDQGVKRXOGEHZRUNHGRXW
V\VWHPDWLFDOO\DFFRUGLQJWRFHUWDLQVXLWDEOHVWUDWHJLHVVRWKDWWKH\DUHFRQVLVWHQWDFURVV
PRGHV6XFKVWUDWHJLHVFRPSULVH
% %DVHFDVHVWUDWHJ\
7 7UDIILFHFRQRP\VWUDWHJ\
1 1HWZRUNVWUDWHJ\
* *UHHQVWUDWHJ\
7KHFRPELQDWLRQRIIRXUOHYHORQHZHLJKWSURILOHVZLWKIRXUOHYHOWZRZHLJKWSURILOHV,
WR ,9 RQH IRU HDFK VWUDWHJ\ DGGV XS WR  ZHLJKW SURILOHV DOWRJHWKHU 7KLV W\SH RI
PXOWLFULWHULDDQDO\VLV LV LQ D VHQVH D FRQVLVWHQWZD\RISHUIRUPLQJ VHQVLWLYLW\ DQDO\VLV
7KH ZHLJKW SURILOHV UHSUHVHQW YDU\LQJ SUHIHUHQFH VHWV DQG KHUHE\ H[WHQW D VSDFH IRU
SRVVLEOHRXWFRPHV7KHSUHIHUHQFHVHWVDUHIL[HGLQWLPHLQWKHVHQVHWKDWYDULDWLRQLQ
SUHVHQW SUHIHUHQFH VHWV LV XVHG IRU SHUIRUPLQJ SUHIHUHQFHEDVHG UREXVWQHVV WHVWV RI
SURMHFW DOWHUQDWLYHV 7KH SURMHFW UREXVWQHVV FDQ HJ EH LOOXVWUDWHG E\ ZD\ RI D UDQN
YDULDWLRQJUDSKVHH)LJXUH
3DJH 3DUW,
&ODXV5HKIHOG
)LJXUH 5DQNYDULDWLRQJUDSKIRUDQXPEHURISURMHFWVLQDSURMHFWSRRO/HOHXU6
$ UDQN YDULDWLRQ JUDSK LOOXVWUDWHV WKH UDQN D SURMHFW DFKLHYHV XQGHU GLIIHUHQW ZHLJKW
SURILOHVLQDSURMHFWSRRO
 6&(1$5,23$,17,1*
,QWKHEHJLQQLQJRIWKHVWKHVFHQDULRWHFKQLTXHZDVWRDODUJHUH[WHQWDGRSWHGLQ
WUDQVSRUWSODQQLQJ7KHDSSOLFDWLRQRI VFHQDULR WHFKQLTXHVZDVSDUWO\ DVVRFLDWHGZLWK
WKH SUREOHPV UHODWHG WR SURMHFW VHQVLWLYLW\ WHVWLQJ $V KDV EHHQ LOOXVWUDWHG SUHYLRXVO\
WKDW WKH VFHQDULR DQDO\VLV FRYHUV D YHU\ EURDG DQG LQKRPRJHQHRXV JURXS ,Q PRVW
VFHQDULREDVHG DSSURDFKHV DV LQ XWLOLW\EDVHG PXOWLFULWHULD DQDO\VLV WKH VFHQDULR
SDLQWLQJRIWKHSUHIHUHQFHVHWVDUHDVVHVVHGIRUWKHGLVFRXQWLQJ\HDURQO\
,QDFRPSOHWHVFHQDULREDVHGSODQQLQJDSSURDFKDVLVVXJJHVWHGLQWKLVVWXG\ERWKWKH
DVVHVVPHQW RI SUHIHUHQFHV DV ZHOO DV WKH PRGHOOLQJ V\VWHPV GHYHORSPHQW YDULDEOHV
VKRXOG EH SDLQWHG DV ZHOO DV FURVVVHFWLRQDO $ FURVVVHFWLRQDO DVVHVVPHQW RI WKH
GHYHORSPHQWYDULDEOHVLQYROYHVDVWHSE\VWHSVFHQDULRDVVHVVPHQWIRUHDFKFDOFXODWLRQ
\HDU LQ DFFRUGDQFH ZLWK WKH GHYHORSPHQW SURILOH RI WKH VFHQDULR 7KH GLIIHUHQFH
EHWZHHQ D FURVVVHFWLRQDO VFHQDULRDSSURDFK FRPSDUHG WR WKH WUDGLWLRQDO HJ PXOWL
FULWHULDDSSURDFKWRWKHDVVHVVPHQWRIGHYHORSPHQWYDULDEOHVLVVHHQEHORZ
$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH
&ODXV5HKIHOG
)LJXUH 'LIIHUHQW SULQFLSOHV IRU WKH DSSOLFDWLRQ RI VFHQDULREDVHG PHWKRGV IRU WKH DVVHVVPHQW RI
VKDGRZSULFHV$FURVVVHFWLRQDOVFHQDULREDVHGDSSURDFKFRPSDUHGWRDWUDGLWLRQDOVFHQDULR
EDVHGPXOWLFULWHULDDSSURDFK7KHDEEUHYLDWLRQVVXFKDV(;3UHIHUWRGLIIHUHQWLPSDFWPRGHO
W\SHV(;3²([SRVXUH6(9²6HYHUDQFH*/2²*OREDOHQYLURQPHQW02%²0RELOLW\(&2
²(FRQRPLFGHYHORSPHQWDQG27+²2WKHUVWUDWHJLFSROLF\DQGSODQQLQJREMHFWLYHV
*/26(9(;3



7LPH
27+02% (&2
:HLJKW
*/26(9(;3

27+02% (&2
:HLJKW
:HLJKW
:HLJKW
)LJXUH  RXWOLQHV WKH GLIIHUHQFH EHWZHHQ D WUXH VFHQDULREDVHG DSSURDFK DQG D
VFHQDULREDVHGPXOWLFULWHULDDSSURDFK,QWKHVFHQDULREDVHGPXOWLFULWHULDDQDO\VLVWKH
SUHIHUHQFH VHW RI WKH VFHQDULR LV XVHG LQ WKH SUHVHQW DQG WKHUH LV RIWHQ QR VFHQDULR
SDLQWLQJ RI RWKHU GHYHORSPHQW YDULDEOHV &RQYHUVHO\ LQ WKH WUXH VFHQDULREDVHG
DSSURDFKWKHGHYHORSPHQWSURILOHRIWKHVFHQDULRVLVXVHGIRUDFRQVLVWHQWDQGSODXVLEOH
SDLQWLQJRIDOOGHYHORSPHQWYDULDEOHV
&KDSWHUGHVFULEHGWKHQHHGIRUDEURDGHUSODQQLQJIUDPHZRUNZKLFKH[SOLFLWO\GHDOW
ZLWKSODQQLQJXQFHUWDLQW\7KHDFWLYLWLHVRIVXFKDIUDPHZRUNEDVHGRQUREXVWQHVVZHUH
OLVWHG 7KH FRQFHSW RI UREXVWQHVV VHHPV DQ DSSOLFDEOH DSSURDFK WR HYDOXDWLRQ LQ D
VFHQDULREDVHGSODQQLQJFRQWH[WVLQFH´UREXVWQHVVLVEDVHGRQVDWLVILFLQJ«µ5RVHQKHDG-
E5REXVWQHVVPD\ZHOOEHDVVHVVHGLQDPDQQHUFRPSDUDEOHWRWKHUDQNYDULDWLRQ
JUDSKV VHHQ LQ)LJXUH  6XFK YDULDWLRQ JUDSKV FDQEHEDVHGRQPXOWLSOH HYDOXDWLRQ
FULWHULDVXFKDVDQHWEHQHILWPHDVXUH3HDUPDQ$'6RPHSRVVLEOHRSWLRQVDUH
'DVJXSWD$.	3HDUFH':/HOHXU6
• 7KHQHWSUHVHQWYDOXH139
• 7KHEHQHILWFRVWUDWLR%&5DWLR
• 7KHLQWHUQDOUDWHRIUHWXUQ,55
$Q\ RI WKHVH PHDVXUHV DUH DSSOLFDEOH IRU UREXVWQHVV DQDO\VLV LQ D VFHQDULREDVHG
FRQWH[W 2QH VFHQDULR UDQNLQJ PHWKRG IRU DVVHVVLQJ SURMHFW UREXVWQHVV KDV EHHQ
VXJJHVWHG E\ $OOSRUW HW DO  ,W LQYROYHV WKH GHYHORSPHQW RI D WUHQG RU EDVH
VFHQDULRLQDGGLWLRQWRWKH¶WUXH·RQHV6XFKDEDVHVFHQDULRFRXOGUHVHPEOHWKH0RVW
/LNHO\'HYHORSPHQW 0/' VFHQDULRRU VLPSO\ UHIOHFW D SURORQJDWLRQ RI SUHVHQW GD\
SUHIHUHQFH VHWV 3UHIHUDEO\ WKLV EDVH VFHQDULR VKRXOG EH D ¶EHVW NQRZOHGJH VFHQDULR·
EDVHGRQSUHVHQWWUHQGVDVNQRZQIURPWUDGLWLRQDOSURJQRVHV,WVKRXOGEHQRWHGWKDW
WKLV WUHQG VFHQDULR LV TXLWH GLIIHUHQW LQ LQWHQWLRQ IURP WUDGLWLRQDO WUHQG DQDO\VLV 7KH
EDVHVFHQDULRPHUHO\VHUYHVDVDIL[LQJSRLQWXVHIXOIRUFRPSDULVRQDQGDQDO\VLVRIWKH
¶WUXH·VFHQDULRV
+RZGHFLVLRQVVKRXOGEH WDNHQRQWKHEDVLVRID UREXVWQHVVPHDVXUHZLOOGHSHQGRQ
WKHSODQQLQJFRQWH[W7KHUHDUHWZRPDLQSRVVLELOLWLHV3HDUPDQ$'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• 7KUHVKROGVFUHHQLQJZLWKDVHFRQGDU\VHOHFWLRQRIKLJKHVW VFRULQJSURMHFWDO
WHUQDWLYH ZLWKLQ WKLV JURXS 7KH GHFLVLRQPDNHU ZLOO KDYH WR GHFLGH RQ WKH
OHYHORIWKHWKUHVKROGIRUHDFKFULWHULRQ
• &KRLFHRQWKHEDVLVRIWKHUDQNYDULDWLRQJUDSK7KHFKRLFHLVWKHQEDVHGRQD
VHOHFWLRQRIWKRVHDOWHUQDWLYHV WKDWJHQHUDOO\ VFRUHZHOO LQDYLVXDO LQVSHFWLRQ
7KLVKRZHYHUUHTXLUHVWKDWDOOSURMHFWVEHWHVWHGXVLQJWKHVDPHVFDOH
7KLVEDVLVIRUGHFLVLRQKHOSVWRSURPRWHWKRVHSURMHFWVRULQLWLDWLYHVWKDWDSSHDUUREXVW
ZLWKUHVSHFWWRIXWXUHGHYHORSPHQW7KHSURMHFWPD\QRWEHRSWLPDOLQWKHIXWXUHWKDW
GRHVDULVHEXWZLOOPRVWOLNHO\SURYHDVDWLVILFLQJVROXWLRQWRWKHSODQQLQJSUREOHP
 &21&/8',1*5(0$5.6
7KH UHYLHZ RI WKH DSSUDLVDO PHWKRGRORJLHV DV DSSOLHG IRU WUDQVSRUW LQIUDVWUXFWXUH
HYDOXDWLRQ LQGLFDWHGD IRXUVWDJHGHYHORSPHQW WKDWFRPSULVHGUDWLRQDOFRPSUHKHQVLYH
SODQQLQJ VHQVLWLYLW\ WHVWLQJPXOWLFULWHULD DQDO\VLV DQG VFHQDULRSDLQWLQJ$V KDV EHHQ
VKRZQ WKH VFHQDULR SDLQWLQJ DSSURDFK FRPELQHV HOHPHQWV RI WKH RWKHU DSSUDLVDO
PHWKRGRORJLHV LQDVFHQDULREDVHGFRQWH[W ,QVHFWLRQ WZRRI WKLV UHSRUW WKHVFHQDULR
SDLQWLQJDSSURDFKZLOOEHFRPELQHGZLWKWKHFRQFHSWXDOPRGHOIRUWKHXQGHUVWDQGLQJ
RIIXWXUHXQFHUWDLQW\LQRUGHUWRIRUPWKHEDVLVIRUWKHGHYHORSPHQWRIDIXOO\IOHWFKHG
VFHQDULREDVHGDSSUDLVDOPHWKRGRORJ\6($07KHREMHFWEHLQJWRLQFRUSRUDWHRUVHZ
WRJHWKHU WKH H[LVWLQJ SURMHFW DSSUDLVDO PHWKRGRORJLHV LQ D VFHQDULREDVHG SODQQLQJ
FRQWH[W7KHDSSURDFKLVGLVFXVVHGLQGHWDLOLQFKDSWHU(OHPHQWVRIWKHDSSURDFKDUH
LOOXVWUDWHGRQDFDVHVWXG\LQFKDSWHUXVLQJWKHVFHQDULRVGHYHORSHGE\3DOOXGDQHWDO
DVGHVFULEHGLQFKDSWHU&KDSWHULVDERXWWKHSUDFWLFDOLVVXHVRIGHYHORSLQJD
GHFLVLRQVXSSRUWV\VWHP'66DGDSWDEOHIRUGHDOLQJZLWKVXFKDZLGHVHWRIPRGHOOLQJ
RSWLRQVDV6($0LQYROYHV
 /,7(5$785(
$GDPV-5LVN8&/3UHVV
$OOSRUW HW DO $OOSRUW 5- &ODYHULQJ -0	3HDUPDQ$'7KH XVH RI VFHQDULR
WHGKQLTXHV WR IRUPXODWH WUDQVSRUW VWUDWHJ\ IRU DQ XUEDQ DUHD 375& VXPPHU DQQXDOPHHWLQJ
3URFHHGLQJV*
$79  7UDILN  (W IRUVNQLQJVSURMHNW RP WUDILNNHQV XGYLNOLQJ XQGHU IRUVNHOOLJH
VDPIXQGVP VVLJHIRUXGV WQLQJHU²+RYHGUDSSRUW$NDGHPLVNIRUODJ1RYHPEHU
%XFNOH\:6RFLRORJ\DQG0RGHUQ6\VWHPV7KHRU\3UHQWLFH+DOO
&(&D&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK²
&RVW%HQHILWDQG0XOWL&ULWHULD$QDO\VLVIRU1HZ5RDG&RQVWUXFWLRQ%UXVVHOV'*9,,
&(&E&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK
² &RVW%HQHILW DQG 0XOWL&ULWHULD $QDO\VLV IRU 1HZ 7UDQVSRUW ,QIUDVWUXFWXUH LQ WKH ILHOG RI
5DLOZD\V%UXVVHOV'*9,,
&(&F&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK²
&RVW%HQHILW DQG0XOWL&ULWHULD$QDO\VLV IRU1HZ 7UDQVSRUW ,QIUDVWUXFWXUH LQ WKH ILHOG RI ,QODQG
:DWHUZD\V%UXVVHOV'*9,,
$SSUDLVDOPHWKRGVLQSHUVSHFWLYH 3DJH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&(&G&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK
²(YDOXDWLRQ)UDPHZRUNIRU,QYHVWPHQWVLQ1RGDO&HQWUHVIRU3DVVHQJHUV%UXVVHOV'*9,,
&(&H&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK²
(YDOXDWLRQ)UDPHZRUNIRU,QYHVWPHQWVLQ1RGDO&HQWUHVIRU*RRGV%UXVVHOV'*9,,
&(& I &RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV $3$65RDG (YDOXDWLRQ
3UHSDUHG E\ ,QVWLWXWH IRU 7UDQVSRUW 6WXGLHV 8QLYHUVLW\ RI /HHGV HW DO IRU '*9,,
%UXVVHOV
&RSHODQG7(	:HVWRQ-))LQDQFLDOWKHRU\DQGFRUSRUDWHSROLF\$GGLVRQ:HVOH\
SXEOLVKLQJFRPSDQ\7KLUGHGLWLRQ
'DVJXSWD$.	3HDUFH':&RVW%HQHILW$QDO\VLV7KHRU\DQG3UDFWLFH0DFPLOODQ
'H1HXIYLOOH 5 	.HHQH\ 5/ 8VH RI GHFLVLRQ DQDO\VLV LQ DLUSRUW GHYHORSPHQW IRU
0H[LFR&LW\&KDSWHULQ'H1HXIYLOOH5	0DUNV'+6\VWHPVSODQQLQJDQG
GHVLJQ3UHQWLFH+DOO
'H1HXIYLOOH5	0DUNV'+6\VWHPVSODQQLQJDQGGHVLJQ3UHQWLFH+DOO
)O\YEMHUJ HW DO )HKPDUQ %HOW ,VVXHV RI$FFRXQWDELOLW\ ² /HVVRQV DQG 5HFRPDQGDWLRQV
5HJDUGLQJ$SSUDLVDORID)L[HG/LQN$FURVV)HKPDUQ%HOW7KH'DQLVK7UDQVSRUW&RXQFLO
5HSRUW1R
*URXS7UDQVSRUW3OXV7UDQVSRUW LQD IDVW FKDQJLQJ(XURSH*URXS7UDQVSRUW
3OXV'HFHPEHU
.URQEDN-7UDILNSODQO JQLQJRJ*,6EDVHUHGHNRQVHNYHQVPRGHOOHU3K'GLVVHUWDWLRQ
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI&RSHQKDJHQ)RUWKFRPLQJ
/HOHXU HW DO /HOHXU 6.URQEDN - 5HKIHOG &	&2:,$WWDFKPHQW UHSRUW WR
(81(7' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ²(81(77UDQVSRUW(YDOXDWLRQ )UDPHZRUN
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN)HEUXDU\
/HOHXU63ODQO JQLQJDIPXOWLPnOV\VWHPHU5DSSRUW,QVWLWXWHRI5RDGV7UDIILF
DQG7RZQ3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN
/HOHXU6 5RDG ,QIUDVWUXFWXUH 3ODQQLQJ ²$'HFLVLRQ2ULHQWHG$SSURDFK 3RO\WHNQLVN
IRUODJ
3DOOXGDQ HW DO  3DOOXGDQ 8 -HQVHQ 6 cJHUXS 0 	 +HQULTXHV 0 
7UDQVSRUWVHNWRUHQV IUHPWLG ² ILUH VFHQDULRHU IRU WUDILN RJ VDPIXQG 7UDQVSRUWUnGHW 1RWDW QU
$SULO
3HDUFHHWDO3HDUFH':0DUNDQG\D$%DUELHU(%%OXHSULQWIRUDJUHHQ
HFRQRP\(DUWKVFDQ3XEOLFDWLRQV/WG
3HDUFH ': 	 1DVK &$  7KH VRFLDO DSSUDLVDO RI SURMHFWV $ WH[W LQ FRVWEHQHILW
DQDO\VLV0DFPLOODQ
3HDUFH ': 	 7XUQHU 5. (FRQRPLFV RI QDWXUDO UHVRXUFHV DQG WKH HQYLURQPHQW
+DUYHVWHU:KHDWVKHDI
3HDUPDQ $'  6FHQDULR FRQVWUXFWLRQ IRU WUDQVSRUW SODQQLQJ 7UDQVSRUWDWLRQ DQG
SODQQLQJWHFKQRORJ\9ROSS
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3/$1&2 0DFURHFRQRPLF HYDOXDWLRQ RI WUDQVSRUW LQIUDVWUXFWXUH LQYHVWPHQWV (YDOXDWLRQ
JXLGHOLQHVIRUWKHIHGHUDOWUDQVSRUWLQYHVWPHQWSODQ3ODQFR&RQVXOWLQJ*PE+(VVHQ
5RVHQKHDG - E3ODQQLQJ XQGHU XQFHUWDLQW\ $PHWKRGRORJ\ IRU UREXVWQHVV DQDO\VLV -
2SO5HV6RF9ROSS
9'8QGHUV¡JHOVH DI VW¡UUH KRYHGODQGHYHMVDUEHMGHU ²0HWRGH IRU HIIHNWEHUHJQLQJHU RJ ¡NRQR
PLVNYXUGHULQJNRQRPLVN6WDWLVWLVN$IGHOLQJ9HMGLUHNWRUDWHW
YRQ :LQWHUIHOGW ' 	 (GZDUGV :  'HFLVLRQ DQDO\VLV DQG EHKDYLRXUDO UHVHDUFK
&DPEULGJH8QLYHUVLW\3UHVV
&ODXV5HKIHOG
 $ 0(7+2'2/2*< )25 6&(1$5,2%$6(' $335$,6$/
6($0
3DUW,RIWKLVUHSRUWIRUPHGWKHFRQFHSWXDOEDVLVFRQFHUQLQJXQFHUWDLQW\DQGVFHQDULR
EDVHG WKLQNLQJ &KDSWHU  SUHVHQWHG WKH SODQQLQJ SUREOHPV UHODWLQJ WR WUDQVSRUW
SUHGLFWLRQ DQG IXUWKHUPRUH GUHZ DWWHQWLRQ WR WKH QHHG IRU D QHZ EURDGHU SODQQLQJ
IUDPHZRUN ZKLFK KDV OHG WR WKH FRQFHSWXDOLVDWLRQ RI D FRPELQHG UREXVWQHVV DQG
VFHQDULREDVHGSODQQLQJIUDPHZRUN2QWKLVEDVLVVFHQDULRVZHUHGHILQHGLQFKDSWHU
IRUDSSOLFDWLRQLQWKLVVWXG\,QFKDSWHUWKHWUDGLWLRQDOPRGHOOLQJDSSURDFKWRSURMHFW
DSSUDLVDO ZDV LQYHVWLJDWHG LQ WKH FRQWH[W RI VFHQDULREDVHG SODQQLQJ 7KH RYHUDOO
PRGHOOLQJXQFHUWDLQW\ZDVGLYLGHG LQWRH[RJHQRXVDQGHQGRJHQRXVXQFHUWDLQW\ DQGD
FODVVLILFDWLRQZDVPDGHRIWKHHOHPHQWVRIHQGRJHQRXVXQFHUWDLQW\)LQDOO\LQFKDSWHU
WKHLVVXHRIHYDOXDWLRQLQDVFHQDULREDVHGSODQQLQJFRQWH[WZDVGLVFXVVHG7KLVOHGWR
WKHLQGLFDWLRQRIDIRXUVWDJHGHYHORSPHQWRIDSSUDLVDOPHWKRGRORJLHVFRPSULVLQJ
• 5DWLRQDOFRPSUHKHQVLYHSODQQLQJ
• 6HQVLWLYLW\WHVWLQJ
• 0XOWLFULWHULDDQDO\VLV
• 6FHQDULR3DLQWLQJ
2Q WKHEDVLV RI WKH FROOHFWLYH ILQGLQJV DQG FRQFOXVLRQV LQ WKHSUHYLRXV FKDSWHUV WKLV
FKDSWHUGHYHORSVWKHIRXQGDWLRQIRUDVFHQDULREDVHGDSSUDLVDOPHWKRGRORJ\6($0
6($0LQYROYHVHOHPHQWVIURPHDFKRIWKHH[LVWLQJDSSUDLVDOPHWKRGRORJLHVEXWPDNHV
XVH RI WKHP ZLWKLQ D VFHQDULREDVHG SODQQLQJ FRQWH[W 7KH IROORZLQJ VHFWLRQV DUH
FRQFHUQHG ZLWK WKH GLIIHUHQW HOHPHQWV RI D IXOO VFHQDULREDVHG DSSUDLVDO 7KLV ZLOO
LOOXVWUDWHVFHQDULRSDLQWLQJDVDORJLFDOIXUWKHUGHYHORSPHQWRIWKHH[LVWLQJPHWKRGROR
JLHV
 7+(6758&785(2)7+(6($00(7+2'2/2*<
&KDSWHU  VKRZHG WKDW SURMHFW XQFHUWDLQW\ FDQ EH DVVHVVHG RQO\ WR D OLPLWHG H[WHQW
WKURXJK VLPSOH YDULDWLRQ RI VLQJOH YDULDEOHV 7KH LQIOXHQFH RI VFHQDULRV RQ PRGHO
EHKDYLRXU DQG XQFHUWDLQW\ LV IDU PRUH IXQGDPHQWDO 7KH IXWXUH XQFHUWDLQW\ LV EHWWHU
DVVHVVHGWKURXJKVFHQDULRVGHWHUPLQLQJWKHSODQQLQJHQYLURQPHQWDQGLWVGHYHORSPHQW
RYHUWLPH7KHVFHQDULRLVDVVXFKH[RJHQRXVWRWKHDSSUDLVDOV\VWHPEXWLQIOXHQFHVWKH
HQGRJHQRXV XQFHUWDLQW\ RI HDFK PRGHO ZLWKLQ LW 7KH HQGRJHQRXV XQFHUWDLQW\ ZDV
GLYLGHGLQWRWKUHHHOHPHQWV
• 2EMHFWLYHXQFHUWDLQW\
• $GDSWLYHXQFHUWDLQW\
• 6XEMHFWLYHXQFHUWDLQW\
,W ZDV VKRZQ WKDW IRU VRPH VFHQDULRV PRGHO XQFHUWDLQW\ PLJKW EH DIIHFWHG RQO\
PDUJLQDOO\HJWKURXJKFKDQJHVLQWKHVXEMHFWLYHXQFHUWDLQW\ZKHUHDVRWKHUVFHQDULRV
VXEVWDQWLDOO\DIIHFWWKHPRGHOXQFHUWDLQW\HJWKURXJKFKDQJHV LQERWK WKHVXEMHFWLYH
DV ZHOO DV WKH DGDSWLYH DQG REMHFWLYH XQFHUWDLQW\ ² 6HH )LJXUH  &RQVHTXHQWO\ D
VFHQDULREDVHGDSSUDLVDOPHWKRGRORJ\VKRXOGEHFDSDEOHRIGHDOLQJZLWKWKH LQIOXHQFH
RIVFHQDULRVRQPRGHOEHKDYLRXU$ULJRURXVDVVHVVPHQWRISUREDELOLWLHVGRHVQRWVHHP
IHDVLEOH GXH WR WKH SUREOHPV DVVRFLDWHG ZLWK WKLV DSSURDFK DQG WKH VWUXFWXUH RI WKH
HQGRJHQRXV XQFHUWDLQW\ ,QVWHDG D VFHQDULREDVHG DSSUDLVDO PHWKRGRORJ\ 6($0 LV
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VXJJHVWHGWKDWDWWHPSWWRHQYHORSWKHSODQQLQJXQFHUWDLQWLHVIURPWKHLQWHUGHSHQGHQ
FLHVEHWZHHQPRGHOVDQGVFHQDULRV7KHPHWKRGRORJ\HODERUDWHVRQ WKH VFHQDULR DQG
PRGHOOLQJ LQWHUUHODWLRQVKLS LQ WKH FRQWH[W RI WUDQVSRUW SODQQLQJ E\ SDLQWLQJ WKH
DSSUDLVDOV\VWHPDFFRUGLQJWRHDFKVFHQDULR6($0DLPVDWHPEUDFLQJWKHVHFRPSOH[L
WLHV WKURXJK WKH FROOHFWLYH HYDOXDWLRQ RI WKH SURMHFW ZLWKLQ PXOWLSOH VFHQDULRV 7KH
VFHQDULRSDLQWLQJRIWKHDSSUDLVDOPHWKRGRORJ\UHODWHVWRPXOWLSOHOHYHOVZLWKLQLW7KH
VWUXFWXUHRIWKH6($0PHWKRGRORJ\LVVHHQLQ)LJXUH
)LJXUH 7KHVFHQDULREDVHGDSSUDLVDOPHWKRGRORJ\6($0
'HYHORSPHQWYDULDEOHV
Economic
Political Technological
Social
Environmental
7UDIILF)ORZV
Demand Supply
,PSDFW$VVHVVPHQW
Core Strategic Territorial
Non-Core, Non-Strategic
6
F
H
Q
D
U
LR
3
D
LQ
W
LQ
J
(YDOXDWLRQ5HVXOWV
Project Robustness Graph
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7KH6($0PHWKRGRORJ\ LQFOXGHVDQGXWLOLVHV H[LVWLQJSURMHFW DSSUDLVDO WHFKQLTXHV DV
SDUWRIWKHGHYHORSHGVFHQDULREDVHGDSSURDFK,WGUDZVRQWKHV\VWHPVWKHRU\WKURXJK
WKH GHVFULSWLRQ RI D FRPSUHKHQVLYH PRGHOOLQJ VWUXFWXUH LQ RUGHU WR GHVFULEH WKH
LQWHUGHSHQGHQFLHV LQ WKH SODQQLQJ V\VWHP ,W DSSOLHV WKH DUJXPHQWDO EDVLV RI WKH
VHQVLWLYLW\DQDO\VLVEXWSURPRWHVDZLGHUXQGHUVWDQGLQJRISURMHFWXQFHUWDLQW\)LQDOO\
LW DSSOLHV HVWLPDWLRQ WHFKQLTXHV IRXQG LQPXOWLFULWHULD DQDO\VLV IRU WKH DVVHVVPHQW RI
FURVVVHFWLRQDO VKDGRZ SULFHV 7KH PHWKRGRORJ\ LQYROYHV VHYHUDO VHSDUDWH OD\HUV RI
ZKLFKWKUHHHOHPHQWVZLOOEHGLVFXVVHGLQGHWDLO
$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
&ODXV5HKIHOG
• 6FHQDULRSDLQWLQJRIGHYHORSPHQWYDULDEOHV
• ,PSDFWDVVHVVPHQW8QLWSULFHVVKDGRZSULFHVDQGHVWLPDWLRQWHFKQLTXHV
• (YDOXDWLRQUHVXOWV
7KHHOHPHQWVRIWKHPHWKRGRORJ\WKDWDUHQRWVSHFLILFDOO\GLVFXVVHGLQWKHIROORZLQJDUH
GHDOWZLWKHOVHZKHUHLQWKLVUHSRUW
 6&(1$5,23$,17,1*2)'(9(/230(179$5,$%/(6
'HYHORSPHQWYDULDEOHVUHIHUWRYDULDEOHVRIWKHSODQQLQJHQYLURQPHQWVHHFKDSWHU
6RPHYDULDEOHVLQIOXHQFHWUDYHOEHKDYLRXUGLUHFWO\ZKHUHDVRWKHUVKDYHDPRUHLQGLUHFW
LQIOXHQFH7KHOHYHORILQFRPHWKHFDURZQHUVKLSOHJLVODWLRQDQGWD[DWLRQDUHYDULDEOHV
WKDWKDYHDGLUHFW LQIOXHQFH2WKHUGHYHORSPHQWYDULDEOHV LQIOXHQFHLQGLUHFWO\ WKURXJK
HJ LQFUHDVHV LQ WKH HIILFLHQF\ RI WKH WUDQVSRUW V\VWHP 7KHQ DJDLQ RWKHU YDULDEOHV
LQIOXHQFHWKHLQWHQVLW\RIWKHH[WHUQDOLPSDFWVRIWKHWUDQVSRUWV\VWHP7KHH[RJHQRXV
DVVXPSWLRQVPD\KRZHYHUDOVRDIIHFW WKH LQWHUQDO UHODWLRQVKLSEHWZHHQPRGHOV LQ WKH
PRGHOOLQJV\VWHP$VVXPLQJIRUH[DPSOH WKDWFDUVEHFRPH IDUTXLHWHU WKDQZHNQRZ
WKHPWRGD\WKLVZLOOSRVLWLYHO\DIIHFW WKHQRLVH LPSDFW&RQYHUVHO\ LWPD\DOVRKDYHD
QHJDWLYH LPSDFW RQ WKH H[SHFWHG QXPEHU RI DFFLGHQWV DV HJ SHGHVWULDQV DUH QRW
IRUHZDUQHGE\WKHQRLVHRIDSSURDFKLQJYHKLFOHV
7KLV LQWHUFRQQHFWHGQHVV RI WKH SODQQLQJ HQYLURQPHQW DQG WKH DWWHPSW WR GHVFULEH LW
IRUPVWKHEDVLVRIUDWLRQDOFRPSUHKHQVLYHSODQQLQJ7KHV\VWHPVDQDO\VLVDWWHPSWV WR
HPEUDFHWKHLQWHUDFWLRQEHWZHHQWKHPRGHOV\VWHPDQGWKHSODQQLQJHQYLURQPHQW7KH
GLIIHUHQFHEHWZHHQV\VWHPVWKHRU\DQG6($0LVWKDWV\VWHPWKHRU\LVXVHGIRUV\VWHPV
SUHGLFWLRQZKHUHDV6($0DLPVDWDVVHVVLQJWKHORJLFDOVWUXFWXUHZLWKLQHDFKVFHQDULRWR
HQYHORSSODQQLQJXQFHUWDLQW\LQSURMHFWUREXVWQHVV6\VWHPVORJLFLVRQO\VRXJKWZLWKLQ
WKHERXQGDULHVRIHDFKVFHQDULRVLQFHWKHW\SHDQGGHJUHHRI LQWHUDFWLRQPD\FKDQJH
GHSHQGLQJRQWKHVFHQDULRLQTXHVWLRQ
7KHGHWHUPLQDWLRQRIFDXVHDQGHIIHFWLQVRFLRFXOWXUDOV\VWHPVLVKLJKO\FRPSOH[DQG
PD\ LQYROYH VHYHUDO IHHGEDFN ORRSV7KH IHHGEDFNEHWZHHQGHYHORSPHQW YDULDEOHV LQ
WKHSODQQLQJ HQYLURQPHQW DOVR LQYROYHV D FHUWDLQ OHYHO RI LQHUWLD 6RPH GHYHORSPHQW
YDULDEOHV PDNH VZLIW UHVSRQVHV ZKHUHDV RWKHUV DUH UDWKHU VORZ (VSHFLDOO\ LI WKH
UHVSRQVH LQYROYHV D FKDLQ RI YDULDEOHV RU FKDQJHV LQ DWWLWXGHV WKH WLPH JDS PD\ EH
VXEVWDQWLDOVHHFKDSWHU6FHQDULRVRIWHQDUHFRQVWUXFWHGZLWKDVSHFLILF\HDULQPLQG
DQGDUHUDUHO\FRQFHUQHGZLWK WKHGHYHORSPHQWSURILOH ,Q WKHVFHQDULR\HDU[[ WKH
EHKDYLRXUDOSDWWHUQVZLOOEHWKLVRUWKDW
6RPHRIWKHHOHPHQWVRIDVFHQDULRGRIURPWKHSUHVHQWSRLQWRIYLHZVHHPPRUHRU
OHVVREYLRXV2EYLRXVLQWKHVHQVHWKDWHOHPHQWVRIWKHVFHQDULRDUHLPDJLQDEOHLQWKH
QHDUIXWXUHWKLVVKRXOGQRWEHFRQIXVHGZLWKWKHOLNHOLKRRGRIDVFHQDULRZKLFKUHODWHV
WR WKHVFHQDULR\HDU2WKHU VFHQDULRV DSSHDUPRUHREVFXUH DQGZLOOSUHVXPDEO\ WDNH
ORQJHUWRPDWXUHEHIRUHEHLQJIXOO\IOHGJHG<HWDJDLQRWKHUVFHQDULRVLQYROYHFKDQJHV
WKDWVHHPYDJXHDQGHYHQO\GLVWULEXWHGRYHUWLPH$OVRDWUHQGPD\SUHYDLOLQWKHSRLQW
RI GHSDUWXUH EXW WKH VFHQDULR ZLOO GHWHUPLQH WKH ILQLVKLQJSRLQW 7R DFFRPPRGDWH
GLIIHUHQWGHYHORSPHQWSURILOHVDUDQJHRIIXQFWLRQVDUHDSSOLFDEOH
3DJH 3DUW,,
&ODXV5HKIHOG
• /LQHDU(YHQO\GLVWULEXWHG
• ([SRQHQWLDO3HUFHQWXDO6ORZGHYHORSPHQWDWILUVWZKHUHDIWHULWDFFHOHUDWHV
• /RJLVWLFDO9HU\ODUJHDQGTXLFNUHYROXWLRQDU\FKDQJHLQWKHPHGLXPWHUP
• 3RZHU9HU\VORZIDVWGHYHORSPHQWDWILUVWWKHQLWEHFRPHVYHU\IDVWVORZGHSHQGLQJRQ
WKHSRZHU
• 3RO\QRPLDO  &XVWRPLVHG 'HYHORSPHQW SURILOH VSHFLILFDOO\ DGMXVWHG WR WKH
SODQQLQJFRQWH[W
$Q\PRUH GHYHORSPHQW SURILOHV VHHP XQQHFHVVDU\ DV WKH DERYH PHQWLRQHG FRYHU D
VDWLVIDFWRU\UDQJHRIRSWLRQV7KHDVVHVVPHQWRIWKHGHYHORSPHQWSURILOHZLOOQHFHVVDU
LO\ EH EDVHG RQ SURIHVVLRQDO MXGJHPHQW LQ D GLDORJ ZLWK GHFLVLRQPDNHUV 'LIIHUHQW
H[DPSOHVRIGHYHORSPHQWSURILOHVIRUWKHYDOXHRIFRPPXWHU WLPHEHWZHHQDQG
DUHLOOXVWUDWHGLQ)LJXUH
)LJXUH ([DPSOHRIGHYHORSPHQWSURILOHVIRUWKHYDOXHRIWLPHIRUFRPPXWHU WULSV7KHH[DPSOHVDUH
WDNHQIURPWKHPDUNHWRULHQWHGVFHQDULR0.7ZKHUHWKHYDOXHRIFRPPXWLQJWLPHLQFUHDVHV
IURP  WR  '.U+RXU 7KH /RJLVWLFDO FXUYH ZDV GHYHORSHG XVLQJ DQ DSSUR[LPDWLRQ
EDVHGRQWZRSRZHU IXQFWLRQVSRZHU7KHH[SRQHQWLDO IXQFWLRQKDGDJURZWKUDWHRIDS
SUR[LPDWHO\SD7KHRQHSRZHUIXQFWLRQFXUYHLVEDVHGRQDSRZHURIDQGWKHRWKHURQ
DSRZHURI
'HYHORSPHQW3URILOHV
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7KH GHYHORSPHQW SURILOH VKRXOG EH DVVHVVHG ZLWK JUHDW FDUH DV WR DYRLG VLJQLILFDQW
LQFRQVLVWHQFLHV LQEHWZHHQ FDOFXODWLRQ \HDUV1RW DOO YDULDEOHV HYROYH DORQJ WKH VDPH
SURILOHLQHDFKVFHQDULR7KLVPD\LQWKHPHGLXPWHUPOHDGWRLQFRQVLVWHQFLHV6SHFLDO
FDUHVKRXOGDOVREHWDNHQLQDVVHVVLQJZKHWKHUVXFKLQFRQVLVWHQFLHVDUHWRRVHYHUH ,Q
WKDWFDVHFHUWDLQYDULDEOHVZLOOQHHGDFXVWRPLVHGGHYHORSPHQWSURILOH
$SRVVLEOHFRPSRVLWLRQRIGHYHORSPHQWSURILOHVZLWKLQDQXPEHURIVFHQDULRVZLOOEH
LOOXVWUDWHG WKURXJK D SUDFWLFDO H[DPSOH 7KH GHYHORSPHQW YDULDEOHV LQYROYH PRGHO
YDULDEOHV XQLW SULFHV DVZHOO DVZHLJKWV 7KH VFHQDULRV XVHG IRU WKLV H[DPSOH DUH WKH
IRXUVFHQDULRVFRQVWUXFWHGE\3DOOXGDQHWDOGHVFULEHGLQVHFWLRQ7KHIRXU
VFHQDULRVGHYHORSHGLQWKDWVWXG\DVWKH\DUHLQWHUSUHWHGKHUHDUH
• 7KH0DUNHWRULHQWHGVFHQDULR0.7
 $¶OLEHUDO·VFHQDULRLQYROYLQJGHUHJXODWLRQLQDOOVHFWRUVDQGKLJKHFRQRPLFJURZWK
$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
&ODXV5HKIHOG
• 7KH,QWLPDWHVFHQDULR,17
 $¶VRFLDO·VFHQDULR LQZKLFKDWWLWXGHVFKDQJHVWRZDUGVWKH ORFDOYDOXHVDQG ORFDOHQYLURQ
PHQW
• 7KH6XSUDQDWLRQDOVFHQDULR683
 $¶SROLWLFDO·VFHQDULRZKHUHWKHJOREDOHQYLURQPHQWLVDJOREDOFRQFHUQDQGWKH(XURSHDQ
8QLRQDQGWKH8QLWHG1DWLRQVSOD\DFHQWUDOUROH
• 7KH7HFKQRORJLFDOVFHQDULR7(&
 7KH ¶WHFKQRORJLFDO· VFHQDULR LQ ZKLFK D WHFKQRORJLFDO MXPS RFFXUV DQG D WHFKQRORJ\
IULHQGO\VRFLHW\HYROYHV
7KHH[DPSOHLVOLPLWHGWRWKHDQDO\VLVRIWKHLPSDFWDVVHVVPHQWIRUURDGWUDQVSRUWVLQFH
LW KDV EHHQEH\RQG WKH DYDLODEOH UHVRXUFHV RI WKLV 3K'VWXG\ WR FRQVLGHU DOOPRGHO
DVSHFWV$IXOOVFHQDULRSDLQWLQJZRXOGDOVRLQYROYHEHKDYLRXUDOYDULDEOHVIRUWKHWUDIILF
PRGHO6SHFLILFDOO\VLQFHHJWKHVRFLDOVKDUHRIWKHYHKLFOHRSHUDWLQJFRVW LV UHODWLYHO\
VFHQDULRQHXWUDOWKHEHKDYLRXUDOFRVWLVQRW3UHVXPDEO\DQHQHUJ\WD[DWLRQLQERWKWKH
,QWLPDWH,17DQGWKH6XSUDQDWLRQDO683VFHQDULRVZRXOGEHIDUKLJKHUWKDQLQWKH
RWKHUWZRVFHQDULRV,QWKHIXOODSSOLFDWLRQRI6($0VXFKHOHPHQWVVKRXOGEHFRQVLG
HUHG
,WVKRXOGDOVREHHPSKDVLVHGWKDWVXFKGHYHORSPHQWSURILOHVDQGWKHWHUPLQDOOHYHORI
WKH GHYHORSPHQW YDULDEOHV VKRXOG EH DVVHVVHG LQ FORVH LQWHUDFWLRQ DQG FROODERUDWLRQ
ZLWK GHFLVLRQPDNHUV 7KLV LV D FULWLFDO VXFFHVV IDFWRU IRU WKH LPSOHPHQWDWLRQ RI DQG
XWLOLVDWLRQ RI 6($02WKHUZLVH WKH ILQDO UHVXOWV DUH DW ULVN RI DFTXLULQJ D EODFNER[
FKDUDFWHU ,Q WKLV FDVH VFHQDULR SURILOHV KDYH EHHQ GHYHORSHG DV D VXJJHVWLRQ RI D
SRVVLEOHUDQJHDQGLQWHUSUHWDWLRQRIWKHVFHQDULRVE\3DOOXGDQHWDO
7KHVFHQDULRSDLQWLQJRIWKHGHYHORSPHQWYDULDEOHVLVVWUXFWXUHGLQDFFRUGDQFHZLWKWKH
(81(7WUDQVSRUWHYDOXDWLRQIUDPHZRUNIRUURDGLQIUDVWUXFWXUHVHH/HOHXUHWDO
RU DSSHQGL[ $ ,Q 7DEOH  WKH UHVXOW PRGHO DQG DVVHVVPHQW YDULDEOHV DUH OLVWHG
DFFRUGLQJ WR WKLVHYDOXDWLRQIUDPHZRUN7KHHYDOXDWLRQYDULDEOHVFRPSULVH WKHPRGHO
UHVXOWV ZKLFK HQWHU WKH HYDOXDWLRQ 7KH PRGHO YDULDEOHV DUH VSHFLILF LPSDFW PRGHO
GHYHORSPHQW YDULDEOHV 6HH DSSHQGL[%7KH YDOXDWLRQ YDULDEOHV DUH HLWKHUPRQHWDU\
XQLWSULFHVRUVKDGRZSULFHVWKDWDUHDVVHVVHGXVLQJDQHVWLPDWLRQWHFKQLTXH
3DJH 3DUW,,
&ODXV5HKIHOG
7DEOH 2YHUYLHZRIWKHPRGHOOLQJDSSURDFKXVHGIRUHDFKRIWKHLPSDFWVOLVWLQJWKHDVVHVVPHQWYDUL
DEOHPRGHOYDULDEOHVDQGYDOXDWLRQYDULDEOHV)RUGHWDLOVRQHDFKPRGHOOLQJDSSURDFKUHIHUWR
DSSHQGL[%
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$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
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$VVHHQLQ7DEOHLWKDVQRWEHHQSRVVLEOHQHLWKHUWRYDOXDWHQRUWRPRGHODOOLPSDFWV
GLUHFWO\,QVWHDGLWLVQHFHVVDU\WRDSSO\DQHVWLPDWLRQWHFKQLTXHIRUWKHDVVHVVPHQWRI
VKDGRZSULFHVDQGLQWURGXFHSRLQWVFRUHV7KHUHDUHDYDULHW\RIPXOWLFULWHULDPHWKRGV
DYDLODEOHIRUWKLVSXUSRVHVHHHJ&(&I,QWKLVVWXG\WKH:$53PHWKRGKDV
EHHQIRXQGXVHIXO VHHFKDSWHUDQG/HOHXU6:$53PD\HLWKHUEHXVHG LQ
WZRPDQQHUV7RGHULYHVKDGRZSULFHVIRUHDFKLPSDFWIRUHDFKFDOFXODWLRQ\HDURUWR
GHULYHDEDVHVKDGRZSULFHYDOXHIRUWKHILUVWFDOFXODWLRQ\HDU7KHEDVHVKDGRZSULFH
PD\VXEVHTXHQWO\EHGHYHORSHGDFURVVDOOFDOFXODWLRQ\HDUV7KLVODWWHUDSSURDFKVKRXOG
EHXVHGLQWKHFDVHRIDQLQKRPRJHQHRXVSURMHFWSRRO
)RUWKLVVWXG\LWKDVEHHQQHFHVVDU\WRGHYHORSDVHWRIEDVHZHLJKWVLQRUGHUWRSURYLGH
DSRLQWRIGHSDUWXUH IRU WKH VFHQDULRSDLQWLQJRI WKHQRQYDOXDWHG LPSDFWV ,Q D IXOO
VFDOH VWXG\ WKHVH EDVH ZHLJKWV VKRXOG EH DVVHVVHG LQ FRUUHVSRQGHQFH ZLWK GHFLVLRQ
PDNHUVHJWKURXJKDVWDWHGSUHIHUHQFHVXUYH\7KHEDVHZHLJKWSURILOHWKDWKDVEHHQ
DSSOLHGLVVHHQLQ7DEOHEHORZ
7DEOH 7KHEDVHZHLJKWSURILOHGHYHORSHGDQGDSSOLHGLQWKLVVWXG\
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%HQHILWIURPYDOXDWHGLPSDFWV 
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6(9 
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(0, 
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DORQH DV WKH OLQN WR WKHQXLVDQFH IDFWRUZLOOEH OLQHDU7KH LQWHUSUHWDWLRQRI WKH. RU%
YDULDEOHVLVVOLJKWO\PRUHXQFHUWDLQ
$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
&ODXV5HKIHOG
)LJXUH 7KHQXLVDQFHIDFWRUIRUWKHLQWLPDWH,17DQGWKHVXSUDQDWLRQDO683VFHQDULRVFRPSDUHGWR
WKHSUHVHQWQXLVDQFHIDFWRUZKLFKLVHTXDOWRWKH0DUNHWRULHQWHG0.7DQGWKH7HFKQRORJLFDO
7(&VFHQDULRV
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5RDGWUDIILFQRLVHLVFRPSRVHGRIWKUHHPDLQHOHPHQWV9'D
• (QJLQHQRLVH
• :KHHOQRLVH
• :LQGQRLVH
$OOWKUHHHOHPHQWVPD\EHDIIHFWHGE\WHFKQRORJLFDOGHYHORSPHQW$VVXPLQJWKDWHOHFWULF
YHKLFOHVEHFRPHDIHDVLEOHDOWHUQDWLYH WR WKH WUDGLWLRQDOFRPEXVWLRQHQJLQHHQJLQHQRLVH
ZLOOGHFUHDVH:LQGQRLVHKDVSUREDEO\EHHQUHGXFHGVOLJKWO\RYHUWKHODVW\HDUVDVFDUV
KDYHEHFRPH LQFUHDVLQJO\ DHURG\QDPLF$V FRQFHUQVZKHHO QRLVH WHFKQRORJLFDO LQQRYD
WLRQPD\UHGXFHWKHQRLVHFUHDWHGLQWKHFRQWDFWEHWZHHQWKHURDGVXUIDFHDQGWKHZKHHO
7KHVHHOHPHQWVDOODGGWR WKHUHGXFWLRQRI WKHUHIHUHQFHHTXLYDOHQWQRLVH OHYHO /DHTP
$VWKHVHUHGXFWLRQVDUHGLIILFXOWWRDVVHVVDUHGXFWLRQLVDVVXPHGRQO\LQWKH7HFKQRORJL
FDOVFHQDULR7(&
7DEOH 'HYHORSPHQWYDULDEOHVIRUWKHUHIHUHQFHHTXLYDOHQWQRLVHOHYHOIRUDOOVFHQDULRV
12,6( 5()(5(1&((48,9$/(1712,6(/(9(//$(40
6&(1$5,2 $//27+(5 7(&
'(9(/230(17 1(875$/ /2*,67,&
  
  
  
  
 6&(1$5,2,1)/8(1&(21(0,66,216
6FHQDULRV PD\ LQIOXHQFH WKH HQHUJ\ FRQVXPSWLRQ DQG WKH HPLVVLRQV GLIIHUHQWO\ $V DQ
H[DPSOHFDWDO\WLFFRQYHUWHUVKDYHDQHJDWLYHLPSDFWRQWKHHQHUJ\HIILFLHQF\ZKHUHDVWKH
WR[LFHPLVVLRQVGHFOLQH,QWKLVFDVHKRZHYHUWKHHQHUJ\FRQVXPSWLRQDQGWKHHPLVVLRQV
3DJH 3DUW,,
&ODXV5HKIHOG
DUHDVVXPHGSRVLWLYHO\FRUUHODWHGLQWKHVHQVHWKDWDLPSURYHPHQWLQIXHOHIILFLHQF\
HQWDLOVDUHGXFWLRQLQHPLVVLRQVHYHQWKRXJKWKLVPD\XQGHUHVWLPDWHWKHUHGXFWLRQ
LQHPLVVLRQV7KHDPRXQWRIHPLWWHGSROOXWDQWVLVIXUWKHUPRUHLQIOXHQFHGE\WKHSHUFHQW
DJHRIFDUVZLWKIXQFWLRQLQJFDWDO\WLFFRQYHUWHUV
7KH FKDQJH LQ HQHUJ\ HIILFLHQF\ FDQ EH DVVHVVHG HLWKHU WKURXJK DQ HTXDO VFDOLQJ IRU DOO
VSHHGVRUWKURXJKDUHHVWLPDWLRQRIHQHUJ\FRQVXPSWLRQIDFWRUV,QWKLVFDVHWKHHQHUJ\
HIILFLHQF\LVVFDOHGZLWKDQHTXDOSHUFHQWDJHIRUDOOWUDYHOVSHHGV7KLVLVSUREDEO\QRWYHU\
UHDOLVWLFVLQFHWKLVKDVDWHQGHQF\RI¶IODWWHQLQJ·WKHHPLVVLRQIDFWRUSURILOH,WLVKRZHYHUD
YHU\VLPSOHDQGRSHUDWLRQDODSSURDFK1RFKDQJHKDVEHHQDVVXPHGLQWKHSHUFHQWDJHRI
GLHVHOFDUV$LPSURYHPHQWLQHQHUJ\HIILFLHQF\VHHPVUHDVRQDEOHDVDEDVHDVVXPS
WLRQ2QO\ZLWKUHVSHFWWRWKH6XSUDQDWLRQDO683DQGWKH7HFKQRORJLFDO7(&VFHQDU
LRVDUHWKHLPSURYHPHQWVKLJKHU7KHFKDQJHVDUHOLVWHGEHORZ
7DEOH &KDQJHLQHPLVVLRQDQGHQHUJ\FRQVXPSWLRQIDFWRUVLQWKHIRXUVFHQDULRV7KHDEEUHYLDWLRQVXVHG
DUH/LQIRUOLQHDU([SIRUH[SRQHQWLDODQG/RJIRUORJLVWLFDOGHYHORSPHQW
0$5.(70.7 ,17,0$7(,17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7KHSHUFHQWDJHRI FDUVZLWK RSHUDWLQJ FDWDO\WLF FRQYHUWHUV HTXDOV  LQ WKH \HDU 
ZKLFKLVQRWDUHDVRQDEOHDVVXPSWLRQIRUWKHHQWLUHFDUSDUN7KLVGRHVKRZHYHUPDNHXS
IRUWKHIDFWWKDWWKHH[SHFWHGWHFKQRORJLFDOLQQRYDWLRQKDVQRWEHHQLQFOXGHGVSHFLILFDOO\
DVFRQFHUQVSROOXWDQWV
 52%8671(66(;$0,1$7,21
)ROORZLQJWKHVFHQDULRSDLQWLQJRI WKHGHYHORSPHQWYDULDEOHVHDFK LQIUDVWUXFWXUHSURMHFW
FDQEHHYDOXDWHGZLWKUHVSHFWWRLWVQHWEHQHILWIRUHDFKVFHQDULR7KH6($0PHWKRGRO
RJ\LQYROYHVWKHSDLQWLQJRIPXOWLSOHYDULDEOHVWKURXJKRXWWKHPRGHOOLQJV\VWHP$VVXP
LQJWKDWDSODQQLQJSUREOHPLQYROYHVWKHHYDOXDWLRQRIVL[SURMHFWVWKDWKDYHEHHQDVVHVVHG
E\DWUDIILFPRGHOIRUIRXUFDOFXODWLRQ\HDUV$VVXPHDOVRWKDWWKHSURMHFWVDUHDVVHVVHGE\
GLIIHUHQWLPSDFWPRGHOVIRUIRXUGLIIHUHQWVFHQDULRVDQGDEDVHVFHQDULR7KLVZLOOOHDG
WRÃÃÃ LPSDFWDVVHVVPHQWV$VWKHSODQQLQJSURFHVVLVZHOONQRZQQRWWR
EHDOLQHDUSURFHVVEXWIDUPRUHVHDUFKLQJDQGOHDUQLQJVHH/HOHXU6WKH LPSDFW
DVVHVVPHQWPD\KDYHWREHUHSHDWHGVHYHUDOWLPHV$VWUXFWXUHGDQGHIILFLHQWDSSURDFKWR
WKHPDQDJHPHQWRIVXFKDV\VWHPLVUHTXLUHGVHHFKDSWHU
'XH WR WKH HIILFLHQF\RI WKH VSHHGRI SUHVHQW FRPSXWHUV DQG WKHLU YLVXDOLVDWLRQ WRROV LW
EHFRPHV SRVVLEOH WR XQGHUWDNH D VFHQDULREDVHG DSSUDLVDO DQG SHUIRUP D JUDSKLFDO
$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
&ODXV5HKIHOG
LQVSHFWLRQ RI WKH SURMHFW UREXVWQHVV ,Q WKLVPDQQHU 6($0 SHUIRUPV D VFHQDULREDVHG
HQYHORSPHQW RI WKH SODQQLQJ XQFHUWDLQW\ 7KH 6($0 PHWKRGRORJ\ GRHV QRW DLP DW
PDNLQJDQDQDO\WLFDODVVHVVPHQWRIUREXVWQHVVDVRULJLQDOO\VXJJHVWHGE\*XSWD	5RVHQ
KHDGQRUGRHVLWDLPDWSUHVHQWLQJWKHSODQQLQJXQFHUWDLQW\E\ZD\RISUREDELOLWLHV
5REXVWQHVV LV LQ WKLV VWXG\ DQ LQWHUSUHWDWLRQ RI SURMHFW VFRUHV LQ WKH VSHFLILF SODQQLQJ
FRQWH[W 7KLV LV LOOXVWUDWHG E\ D JUDSKLFDO SUHVHQWDWLRQ RI UREXVWQHVV DV VHHQ EHORZ LQ
)LJXUH
)LJXUH $QH[DPSOHRIDJUDSKLFDOSUHVHQWDWLRQRISURMHFWUREXVWQHVV6FHQDULRUREXVWQHVVJUDSK,WFDQ
EHVHHQWKDWQRQHRIWKHSURMHFWSHUIRUPVZHOO
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7KHJUDSKLFDOSUHVHQWDWLRQRI WKHSURMHFWVFRUHVE\VFHQDULR LOOXVWUDWHV D WKHGLIIHUHQFH
EHWZHHQ UREXVWQHVV DQG SURMHFW SHUIRUPDQFH DQG E WKH UHVXOW RI WKH HQYHORSPHQW RI
SURMHFWXQFHUWDLQW\7KHDQDO\VLVRIUREXVWQHVVLVEDVHGRQDFRPSDUDEOHDQDO\VLVEHWZHHQ
SURMHFWVLQDVSHFLILFSRRODQGLVQRWEDVHGRQVRPHGHILQLWHPHDVXUH1RVLQJOHVFRUHIRU
SURMHFWSHUIRUPDQFH LVSURYLGHGRQO\D UDQJHH[SUHVVLQJ LWV UREXVWQHVV7KHGHWHUPLQD
WLRQRIWKUHVKROGYDOXHVIRUPLQLPXPSURMHFWSHUIRUPDQFHPLQLPXPVFRUHYDOXHFRXOG
EHSDUWRIWKHGHFLVLRQPDNLQJSURFHVV
7KHSODQQLQJXQFHUWDLQW\KDVEHHQHQYHORSHGRQWKHEDVLVRIWKHSDLQWLQJRIWKHSODQQLQJ
HQYLURQPHQW7KLVHQYHORSPHQWRISODQQLQJXQFHUWDLQW\XQGHUOLQHVWKHLPSRUWDQFHRIWKH
DSSOLHG VFHQDULRV DQG WKHLU LQWHUSUHWDWLRQ LQWR FRQVLVWHQW VHWV RI GHYHORSPHQW YDULDEOHV
7KHHIIHFWWKHGLIIHUHQWXQFHUWDLQW\HOHPHQWVKDYHRQWKHILQDOSURMHFWRXWFRPHLVHPEHG
GHGLQWKHUREXVWQHVVPHDVXUHDVDUDQJHUDWKHUWKDQDQH[SOLFLWH[SUHVVLRQ
$QRWKHU W\SH RI JUDSKLFDO LQVSHFWLRQ WKDW LOOXVWUDWHV SURMHFW VHQVLWLYLW\ WRZDUGV WKH
GLIIHUHQWVFHQDULRVLVVHHQLQ)LJXUHEHORZ
3DJH 3DUW,,
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)LJXUH $QH[DPSOHRIDJUDSKLFDOSUHVHQWDWLRQRIVFHQDULRVHQVLWLYLW\6FHQDULRVHQVLWLYLW\JUDSK
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1XPHULFDOGHYLDWLRQIURP
%DVHVFHQDULR
7KHW\SHRISUHVHQWDWLRQVKRZQDERYH LQ)LJXUH LOOXVWUDWHV WKHVFHQDULRVHQVLWLYLW\RI
GLIIHUHQW SURMHFWV 7KH JUDSK LV EDVHG RQ D FRPSDULVRQ EHWZHHQ WKH EDVH VFHQDULR DQG
HDFKRIWKHDSSOLHGVFHQDULRV7KHJUDSKGRHVQRWVKRZZKHWKHUDSURMHFWSHUIRUPVEHWWHU
RU ZRUVH WKDQ LW GRHV LQ WKH EDVH VFHQDULR VLQFH WKH JUDSK LV EDVHG RQ WKH QXPHULFDO
GHYLDWLRQ IURP WKH%DVH VFHQDULR:KDW LW GRHV GHSLFW LV WKH VHQVLWLYLW\ RI HDFKSURMHFW
ZLWKUHVSHFWWRHDFKVFHQDULR$VVHHQWKHSURMHFWVGHQRWHGFDQGDDUHREYLRXVO\PRUH
VHQVLWLYHWRZDUGVWKH7HFKQRORJLFDOVFHQDULR7(&WKDQWKHSURMHFWVGDQGEZKHUHDV
DOOSURMHFWVDSSHDUVHQVLWLYHWRZDUGVWKH0DUNHWRULHQWHGVFHQDULR7KHVFHQDULRVHQVLWLYLW\
JUDSKLOOXVWUDWHVTXDOLWLHVRIWKHEHQHILWGLVWULEXWLRQDQGUHYHDOVWKH LQIOXHQFHWKLVKDVRQ
SURMHFWXQFHUWDLQW\
7KH EDVLV IRU WKH JUDSKLFDO SUHVHQWDWLRQV RI SURMHFW UREXVWQHVV DQG VFHQDULR VHQVLWLYLW\
VHHQLQ)LJXUHDQG)LJXUHLVGLVFXVVHGLQPRUHGHWDLOLQFKDSWHU
 &21&/8',1*5(0$5.6
7KLV FKDSWHU KDV SUHVHQWHG DPHWKRGRORJLFDO IRUPXODWLRQ IRU D VFHQDULREDVHG DSSUDLVDO
PHWKRGRORJ\ ² 6($0 7KLV QHZ PHWKRGRORJ\ LQFRUSRUDWHV WKH LQWHUGHSHQGHQFLHV
EHWZHHQPRGHOVDQGVFHQDULRV LQ D FRQWH[WRI WUDQVSRUWSODQQLQJ7KURXJKD FRQVLVWHQW
SDLQWLQJRIGHYHORSPHQWYDULDEOHVWKHPHWKRGRORJ\LQYROYHVDQHQYHORSPHQWRISODQQLQJ
XQFHUWDLQW\ ZKLFK OHDGV WR D JUDSKLFDO H[DPLQDWLRQ RI SURMHFW UREXVWQHVV DQG SURMHFW
VFHQDULRVHQVLWLYLW\7KHHQYHORSPHQWRISODQQLQJXQFHUWDLQW\XQGHUOLQHWKHLPSRUWDQFHRI
WKH DSSOLHG VFHQDULRV DQG WKHLU LQWHUSUHWDWLRQ LQWR D FRQVLVWHQW VHW RI GHYHORSPHQW
YDULDEOHV
$V RXWOLQHG LQ FKDSWHU  WKH OHYHO RI LQWHJUDWLRQ EHWZHHQ WKH VWDJHV LQ WKH PRGHOOLQJ
SURFHVVHV LV UHODWLYHO\ OLPLWHG 7KH VFHQDULREDVHG DSSUDLVDO PHWKRGRORJ\ 6($0
DFFHQWXDWHVWKHQHHGIRUDFORVHULQWHJUDWLRQEHWZHHQLPSDFWDQGWUDQVSRUWPRGHOVDQGD
EHWWHU XQGHUVWDQGLQJ RI WKH LQWHUGHSHQGHQFLHV RI HDFK PRGHO VWDJH 7KLV LQWHJUDWLYH
PRGHOOLQJ DSSURDFKPD\EHREWDLQHG WKURXJK D SDLQWLQJ RI WKH HQWLUH SODQQLQJ V\VWHP
7KURXJKIXUWKHUUHVHDUFKDQGWKHDSSOLFDWLRQRI6($0WRIXOOVFDOHVWXGLHVLWLVH[SHFWHG
$PHWKRGRORJ\IRUVFHQDULREDVHGDSSUDLVDO6($0 3DJH
&ODXV5HKIHOG
WKDW WKLVZLOO SURYLGH D EHWWHU XQGHUVWDQGLQJ DQG LQVLJKW LQWRPRGHO DQG SURMHFW XQFHU
WDLQW\  ,Q FKDSWHU  D FRPSXWHU PRGHO GHYHORSHG IRU VFHQDULREDVHG DSSUDLVDO LV SUH
VHQWHGDQGLQFKDSWHUVRPHFDVHVWXG\UHVXOWVDUHSUHVHQWHGDVDSSOLFDWLRQH[DPSOHVRI
WKH6($0PHWKRGRORJ\
 /,7(5$785(
&(& I &RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV $3$65RDG (YDOXDWLRQ
3UHSDUHG E\ ,QVWLWXWH IRU 7UDQVSRUW 6WXGLHV 8QLYHUVLW\ RI /HHGV HW DO IRU '* 9,,
%UXVVHOV
'DQPDUNV6WDWLVWLN6WDWLVWLVNWLnUVRYHUVLJW'DQPDUNV6WDWLVWLN
*UHLEH 3 	 .URQEDN - 8KHOGVPRGHOOHU IRU VLJQDOUHJXOHUHGH YHMNU\GV ² +RYHGUDSSRUW
(NVDPHQVSURMHNW,QVWLWXWIRU9HMH7UDILN	%\SODQ'DQPDUNV7HNQLVNH8QLYHUVLWHW
*XSWD6.	5RVHQKHDG-5REXVWQHVVLQVHTXHQWLDOLQYHVWPHQWGHFLVLRQV0DQDJHPHQW
VFLHQFH9RO1R
-¡UJHQVHQ12	-¡UJHQVHQ(7UDILNVLNNHUKHGHQSnYHMHQHLGHVLGVWHnU²RJOLGWWLO
'DQVN9HMWLGVVNULIW1U1RYHPEHU
/DKUPDQ+	/HOHXU69HMWUDILN²7UDILNWHNQLN	7UDILNSODQO JQLQJ3RO\WHNQLVN
IRUODJ
/HOHXUHWDO/HOHXU6.URQEDN-5HKIHOG&	&2:,FRQVXOW$WWDFKPHQWUHSRUWWR
(81(7 ' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ² (81(7 7UDQVSRUW (YDOXDWLRQ )UDPHZRUN
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN)HEUXDU\
/HOHXU 6  5RDG ,QIUDVWUXFWXUH 3ODQQLQJ ² $ 'HFLVLRQ2ULHQWHG $SSURDFK 3RO\WHNQLVN
IRUODJ
3DOOXGDQHWDO3DOOXGDQ8-HQVHQ6cJHUXS0	+HQULTXHV07UDQV
SRUWVHNWRUHQVIUHPWLG²ILUHVFHQDULHUIRUWUDILNRJVDPIXQG7UDQVSRUWUnGHW1RWDWQU$SULO

9'D' N²9HMEDQHVW¡M(QXQGHUV¡JHOVHDIXGYDOJWHGDQVNHYHMEHO JQLQJHU9HMGDWDODERUD
WRULHW0LOM¡VW\UHOVHQ5DSSRUW
3DJH 3DUW,,
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&ODXV5HKIHOG
 7+(6<67(0'(6,*1)256($0
,Q FKDSWHU ILYH WKH VWUXFWXUH RI D VFHQDULREDVHG DSSUDLVDO PHWKRGRORJ\ 6($0 ZDV
SUHVHQWHG7KHPHWKRGRORJ\ZDVGHYHORSHGRQWKHEDVLVRIWKHILQGLQJV LQFKDSWHUVRQH
WR IRXU 7KLV FKDSWHU LV FRQFHUQHG ZLWK WKH SUDFWLFDO LVVXHV RI GHYHORSLQJ D GHFLVLRQ
VXSSRUW V\VWHP '66 IRU WKH DSSOLFDWLRQRI6($0WR WUDQVSRUWSODQQLQJ $ VWUXFWXUDO
PRGHO IRU D 6($0 '66 LV SUHVHQWHG DORQJ ZLWK D SUHVHQWDWLRQ RI D FRPSUHKHQVLYH
VRIWZDUHGHYHORSHGIRUWKHLOOXVWUDWLRQRIWKHLVVXHVGLVFXVVHG
2QH PDLQ FRQFHUQ IRU WKH GHYHORSPHQW RI D 6($0'66 KDV EHHQ WR REWDLQ D FORVH
LQWHJUDWLRQZLWKDJHRJUDSKLFDO LQIRUPDWLRQV\VWHP*,67KLVZLOOHQDEOH WKHXWLOLVDWLRQ
RIWKHGDWDVWRUDJHDQGPDLQWHQDQFHIDFLOLWLHVDQGWKHJUDSKLFDOSUHVHQWDWLRQWRROVDYDLODEOH
LQ*,67KHDGYDQWDJHVRIVXFKLQWHJUDWLRQIRUWUDQVSRUWSODQQLQJKDYHEHHQREYLRXVIRU
PDQ\ \HDUV 0XOWLSOH SDSHUV KDYH DGYRFDWHG WKLV FORVHU LQWHJUDWLRQ RI *,6 LQ WUDIILF
SODQQLQJ *,670H\HU	6DUDVXD%DWW\9RQGHURKHHWDO 1LHOVHQ
2$ 5HKIHOG&  WRQDPHEXW D IHZ2QH LQWHJUDWLRQ FRQFHSW LV 1LHOVHQ
2$
)LJXUH 2XWOLQHRIDVXJJHVWHGV\VWHPIRUWKHLQWHJUDWLRQRI*,6LQWUDIILFSODQQLQJ1LHOVHQ2$
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%DWW\  DGGUHVVHG WKH LVVXH RI HPEHGGLQJ LPSDFW DVVHVVPHQW PRGHOV LQ *,6 DQG
+HLNNLOD  GLVFXVVHV WKH IXWXUH FORVHU LQWHJUDWLRQ RI *,6 DQG SODQQLQJ VXSSRUW
V\VWHPV 7KHVH SDSHUV GHDO ZLWK WKH FRQFHSWXDO LVVXHV RI VXFK DQ DSSURDFK IURP D
WKHRUHWLFSRLQWRIYLHZ/LWWOHSURJUHVVLQWHUPVRIDQDFWXDOLQWHJUDWLRQRIDOOOHYHOVRIWKH
3DJH 3DUW,,
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SODQQLQJ SURFHVV KDV DFWXDOO\ EHHQPDGH 7KLV LOOXVWUDWHV WKDW VXFK LQWHJUDWLRQ LV E\ QR
PHDQVDVLPSOHHQGHDYRXU
7KHUHPDLQGHURIWKLVFKDSWHU LVFRQFHUQHGZLWKWKHGHWHUPLQDWLRQRIGHWDLOVDQGSUDFWL
FDOLWLHV RI GHYHORSLQJ VXFK DQ LQWHJUDWHG *,67 WRROER[ DSSOLFDEOH WR VFHQDULREDVHG
WUDQVSRUWPRGHOOLQJ,QWKHIROORZLQJWKHWHUP¶SURMHFW·ZLOOEHXVHGLQWHUFKDQJHDEO\ZLWK
¶LQLWLDWLYH·
 &21&(378$/5(48,5(0(176
7KHGHYHORSPHQWRID6($0GHFLVLRQVXSSRUWV\VWHPRUDQ\RWKHUFRPSXWHUVRIWZDUH
LQYROYHVWKHGHWHUPLQDWLRQRIFOHDUSULQFLSOHV IRU WKHREMHFWLYHGHVLJQDQGGHYHORSPHQW
VWUDWHJ\7KH IXQGDPHQWDO TXHVWLRQ LV ILUVW DQG IRUHPRVW WKH LGHQWLILFDWLRQRI WKH DFWLYH
XVHUDQGZKDWVXSSRUW WKH V\VWHPVKRXOGSURYLGH WR WKHGHFLVLRQSURFHVV7KHGHFLVLRQ
SURFHVVVXUURXQGLQJWKHSODQQLQJRISXEOLFWUDQVSRUWLQIUDVWUXFWXUHPD\EHFDWHJRULVHGDV
XQVWUXFWXUHGVHH&DUOVRQ('$GHFLVLRQSURFHVV LVXQVWUXFWXUHGZKHQ´REMHF
WLYHV DUH DPELJXRXV DQG QRQRSHUDWLRQDO«QXPHURXV DQG FRQIOLFWLQJµ DQG ZKHQ WKH
HIIHFWRIDGHFLVLRQLVGLIILFXOWWRSUHGLFW%HQQHWW-/S&RQVHTXHQWO\WKHUROH
RIVXFKDGHFLVLRQVXSSRUWV\VWHPLVWRVXSSRUWWKHGHFLVLRQPDNLQJDQGQRWWRPDNHWKH
GHFLVLRQV7KHV\VWHPVKRXOGVXSSRUWWKH´GHFLVLRQPDNHULQEHLQJHIILFLHQWLQWKHSXUVXLW
RIDJRDOWKDWLVLWVHOIHIIHFWLYHµ,QWKLVFDVHWKHUHKDVEHHQIRXUPDLQREMHFWLYHVFRQFHUQ
LQJWKHV\VWHPVGHVLJQRIWKHGHFLVLRQVXSSRUWV\VWHPIRUWUDQVSRUWSURMHFWV
• 7KH'LVDJJUHJDWHVWUXFWXUHIRUGDWDSUHVHQWDWLRQDQGDQDO\VLV
• 7KHHPEHGGLQJRIPRGHOVLQD*,6
• 7KHV\VWHPDWLFLPSOHPHQWDWLRQRI6($0
• 7KHOHYHORIPRGHOIOH[LELOLW\
7KHODVWSRLQWFRQFHUQLQJPRGHOIOH[LELOLW\KDVEHHQDQXQGHUO\LQJWKHPHWKURXJKRXWWKH
GHYHORSPHQWDQGZLOOFRQWLQXHWREHVRWKURXJKWKLVFKDSWHU$VFRQFHUQVWKHIOH[LELOLW\RI
WKH DSSURDFK LW VKRXOG EH SRVVLEOH WR DSSO\ WKH 6($0 '66 WR DV ZLGH D YDULHW\ RI
DSSUDLVDOPHWKRGRORJLHVDQGLPSDFWPRGHOVDVSRVVLEOH$GGLWLRQDOO\LWVKRXOGEHSRVVLEOH
WRSHUIRUPFRPSDULVRQVEHWZHHQDQ\FRPELQDWLRQRIPRGHOV DQGDSSUDLVDOPHWKRGROR
JLHV7KHPDLQREMHFWLYHKDVEHHQWRDFFRPPRGDWHDIUHHGRPRIFKRLFHIRUWKHXVHU7KH
GHJUHHRIIUHHGRPZLOOQDWXUDOO\EHEDVHGRQFKRLFHVPDGHE\WKHGHYHORSHU%XWWKHDLP
KDVEHHQWRGHYHORSDIRXQGDWLRQIRUVXFKDIUHHGRPRIFKRLFH7KHIUHHGRPRIFKRLFHLQ
VRIWZDUHGHYHORSPHQWGRHVKRZHYHUHQWDLODFRVW7KHUHZLOOEHDQLQFUHDVHLQFRPSOH[LW\
DQGLWPD\LQYROYHVRPHGHJUHHRIGDWDUHGXQGDQF\7KHRWKHUWKUHHREMHFWLYHVOLVWHGZLOO
EHGLVFXVVHGVSHFLILFDOO\LQWKHIROORZLQJSDUDJUDSKV
,W KDV QRW EHHQ SRVVLEOH ZLWKLQ WKH UHVRXUFHV DYDLODEOH WR D 3K'VWXG\ WR GHYHORS DOO
DUHDV RI VXFK D FRPSOH[ PRGHOOLQJ V\VWHP &RQVHTXHQWO\ WKH GHYHORSPHQW SURFHVV
LQYROYHGHDUO\GHFLVLRQVRQWKHOHYHORILPSOHPHQWDWLRQUHTXLUHGIRUDVDWLVIDFWRU\LOOXVWUD
WLRQ RI WKH DGYDQWDJHV RI 6($0 7KH LPSOHPHQWDWLRQ DQG DSSOLFDWLRQ RI WKH 6($0
PRGHO UHODWHV RQO\ WR WKH LPSDFW DVVHVVPHQW DQG HYDOXDWLRQ ZKHUHDV WKH SDLQWLQJ DQG
VWUXFWXULQJRIWUDQVSRUWPRGHOVDUHH[FOXGHG
 ',6$**5(*$7(6758&785()25'$7$35(6(17$7,21$1'$1$/<6,6
*HRJUDSKLFDOPDSVDUHDQHIILFLHQWZD\RIFRPPXQLFDWLQJFRPSOH[LQIRUPDWLRQVHHHJ
+HDUQVKDZ+	0DF(DFKUHQHW DO 7KHFORVH LQWHJUDWLRQZLWK*,6RIIHU
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
RSWLRQV IRUPDNLQJYLVXDO DQDO\VLVRIGHWDLOHG UHVXOWV0RVW LPSDFWPRGHOV DUHEDVHGRQ
LQIRUPDWLRQRQ OLQNVQRGHV ]RQDO LQIRUPDWLRQRU D FRPELQDWLRQRI WKHVH GDWD VRXUFHV
&RQVHTXHQWO\ WKH GDWDPD\EH YLVXDOLVHGPRVW HIILFLHQWO\ LI WKH\ DUH VWRUHG DW WKH VDPH
DJJUHJDWLRQOHYHODVWKHVRXUFHGDWD$OVRDJJUHJDWLRQDOZD\VHQWDLOVDORVVRILQIRUPDWLRQ
.URQEDN-	5HKIHOG&
5HVXOWVDUHDFFRUGLQJO\VWRUHGDWWKHORZHVWOHYHORIDJJUHJDWLRQE\HJOLQNQRGHRU]RQH
7KURXJKVLPSOHUHODWLRQWKHGDWDPD\VXEVHTXHQWO\EHYLVXDOLVHG LQHJ$UF9LHZ(65,
([DPSOHVRIWKHVHSUHVHQWDWLRQVDUHIRXQGLQFKDSWHUDQGDSSHQGL[&
 (0%('',1*02'(/6,1*,6
1RW DOO LPSDFW PRGHOV JDLQ IURP D *,6 LPSOHPHQWDWLRQ EXW DV YLUWXDOO\ DOO WUDQVSRUW
LPSDFWVFDQEHUHODWHGWRDJHRJUDSKLFREMHFWLWVKRXOGVWLOOEHSRVVLEOHWRYLVXDOLVHWKHVH
LPSDFWV HYHQ WKRXJK WKHPRGHO LV QRQVSDWLDO $W OHDVW WKH YLVXDOLVDWLRQ FDQ DLG LQ WKH
PRGHOTXDOLW\FRQWURO7KHPRGHOVDYDLODEOHLQWKH6($0'66KDYHEHHQLPSOHPHQWHGLQ
DQXPEHURIZD\V
• ,QWHUQDOPRGHO
• ([WHUQDOPRGHO
• *,6PRGHO
• &RPELQDWLRQV
7KLV LPSOLHV WKDW WKH LPSDFW DVVHVVPHQW VWUXFWXUH VKRXOG EH DEOH WR KDQGOH PXOWLSOH
PRGHOOLQJDSSURDFKHVDQGVFKHPHVDQGFRPELQDWLRQVKHUHRI6XFKDSSURDFKHVQHHGRIWHQ
EHFXVWRPLVHGIRUWKHVSHFLILFWDVNEXWFRPPRQSURFHGXUHVFDQEHLPSOHPHQWHGWRVHFXUH
WKHDSSOLFDELOLW\RIWKH'66
 7+(6<67(0$7,&,03/(0(17$7,212)6($0
,Q FKDSWHU  LW ZDV LOOXVWUDWHG WKDW WKH H[WHQVLYH PRGHOOLQJ UHTXLUHPHQWV LQYROYHG LQ
6($0FDOOVIRUDVWUXFWXUHGDQGHIILFLHQWDSSURDFKWRWKHPDQDJHPHQWRIVXFKDV\VWHP
7KLVKDVOHGWRWKHGDWDEDVHVWUXFWXUHVHHQLQ)LJXUH
7KH V\VWHP LV EXLOW DURXQG WZR PDLQ GDWDEDVHV $ JHRJUDSKLFDO GDWDEDVH VWRULQJ WKH
QHWZRUNQRGH ]RQHDQG VRPHDWWULEXWHGDWD DQG D VRFDOOHGSRRO GDWDEDVHPDLQWDLQLQJ
WKHVWUXFWXUHRIWKH6($0'667KHLQWHUPHGLDWHGDWDEDVHVWRUHVWKHWUDQVSRUWIORZVDQG
WKHUHVXOWILOHVWKDWDVVXFKDUHH[WHUQDOWRWKH*,6GDWDEDVHEXWFDQEHYLVXDOLVHGJUDSKL
FDOO\ E\ ZD\ RI VLPSOH UHODWLRQV XVLQJ LGHQWLILHUV ,' FRPPRQ WR WKH JHRJUDSKLFDOO\
UHODWHGGDWDDQGWKHUHVXOWVILOHV
3DJH 3DUW,,
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)LJXUH 'DWDEDVHVWUXFWXUHRIWKH6($0'667KHQXPEHUVGHVFULEHWKHUHODWLRQVEHWZHHQWKHWDEOHV1
VKRXOGEHUHDG$WOHDVWRQHWDEOHEXWSRVVLEO\VHYHUDO
,QWHUPHGLDWH'DWDEDVH
2'0DWUL[2'0DWUL[
3RRO'DWDEDVH
7UDQVSRUWIORZ
7UDQVSRUWIORZ
ID  
Mode specifics...
$GPLQLVWUDWLYH7DEOHV
(YDOXDWLRQ7DEOHV
0RGHO7DEOH
Output file
Model variables
Input files
3URMHFW7DEOH
Model  
Model name
Model Type
Model Unit
Mode
Proportionality
Can Aggregate
Benefit shares...
Impact
Tables
Unit price
Tables
Marginal
Tables
CBA
Tables
Weight
Tables0RGH7DEOH
Network file
Node file
Zone file
Transport flow file
Mode specifics...
1
1


1 1
,QSXWILOH
ID  
Variables
2XWSXWILOH
2XWSXWILOH
2XWSXWILOH
ID  
Results
*,6'DWDEDVH
1HWZRUN
Link ID
From node ID
To-node ID
Link length
Mode specifics...
=RQH
Zone ID
Area
Population
Jobs
Other...
1RGH
Node ID
Node type
Mode specifics...
2'0DWUL[
Zone ID  
Person trips
2'0DWUL[
Zone ID  
Person trips
$JJUHJDWH
3RRO7DEOH
Projects  
Mode  
Scenario
Aggregate Impact  
Marginal Impacts  
Unit Price table  
Weight table  
Marginal CBA  
Evaluation Criteria... 1

$WWULEXWHGDWD
ID
...
7KHGDWDEDVHVWUXFWXUH LVDV IROORZV7KHSURMHFWVDUHGHILQHG LQ WKH3RROGDWDEDVH7KH
3RROGDWDEDVHLVPDGHXSRIWZRPDLQWDEOHW\SHV,WKHDGPLQLVWUDWLYHWDEOHVDQG,,WKH
HYDOXDWLRQ WDEOHV7KH DGPLQLVWUDWLYH WDEOHV GHILQH WKH SRRO VHWXS$ SURMHFW LQVLGH WKH
SRRO LVFRPSRVHGRIDSURMHFW WDEOHDQGRQHRUVHYHUDOPRGHWDEOHV7KHPRGH VSHFLILF
WDEOHPDLQWDLQVWKHUHODWLRQWRWKHVSDWLDOGDWDLQWKH*,6$VHDFKSURMHFWLVDVVHVVHGE\D
UDQJHRIPRGHOVWKHUHDUHRQHRUVHYHUDOPRGHOWDEOHVDVVRFLDWHGZLWKHDFKSURMHFWZKLFK
LQGLFDWHV WKHGHYHORSPHQWYDULDEOHV DQGZKHUH WRFUHDWH WKHRXWSXW ILOHV IRU WKH*,6 WR
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
DFFHVV6RPHPRGHOVPD\HTXDOO\XVHH[WHUQDOVHWXSILOHV7KHGLVDJJUHJDWHLPSDFWPRGHO
UHVXOWVDUHDJJUHJDWHGRQWRDQXPEHURILPSDFWWDEOHVXVHGIRUWKHSURMHFWHYDOXDWLRQ7KH
XQGHUOLQHG LWHPV LQHDFK WDEOHDUH LGHQWLILHUVHLWKHU WRD WDEOHRU LI WKH LGHQWLILHU LV ,' LW
UHIHUVWRDQLWHPLQDQRWKHUWDEOH
7KLV YHU\ EULHI GHVFULSWLRQ FRYHUV WKH JHQHUDO VWUXFWXUH RI WKH 6($0 '66 GDWDEDVH
VWUXFWXUH ,Q WKH VXEVHTXHQW VHFWLRQV WKLV GDWDEDVH VWUXFWXUH ZLOO EH GLVFXVVHG LQ PRUH
GHWDLO
7KHGDWDUHTXLUHPHQWVRIWKH6($0'66LVEDVHGRQDQXPEHURIDVVXPSWLRQVFRQFHUQ
LQJ WKH IRUPDW RI WKH GDWD XVHG IRU VWRULQJ WKH WUDIILF IORZV QHWZRUNV ]RQHV HWF 7KH
IXQFWLRQDODQGVWUXFWXUDOLQIRUPDWLRQRIWKHQHWZRUNVVKRXOGEHVWRUHGLQRQHWDEOHZLWK
DQLWHPIRUWKHFROXPQLQZKLFKGDWDLVVWRUHG7KHWUDIILFIORZVVKRXOGHTXDOO\EHVWRUHG
LQ D WDEOH IROORZLQJ WKH VDPH SULQFLSOH ,I WKLV LV WKH FDVH 6($0'66 ZLOO UHDG PRVW
FRPPDVHSDUDWHGILOHVDQGG%DVHILOHV7KHSRO\JRQGDWDPXVWEHLQDIRUPDWKDQGOHGE\
(65,VRIWZDUH,1)2ILOHVRUVKDSHILOHV(65,
 7+(6<67(066758&785(
7KH'66IXQFWLRQVOLHRQWRSRIWKHGDWDEDVHVWUXFWXUHDVDQXPEUHOODZLWKUHVSHFWWRWKH
DGPLQLVWUDWLYHGDWDEDVHVWUXFWXUHDVZHOODVSURYLGLQJPRGHOOLQNVWRROVDQGSURFHGXUHVWR
WKHXVHU7KHVWUXFWXUHRIWKH6($0'66ZLWKUHODWLRQWRWKHGDWDEDVHVSUHVHQWHGDERYH
LVVHHQLQ)LJXUH
3DJH 3DUW,,
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)LJXUH 7KHV\VWHPVWUXFWXUHRIWKH6($0'66)RUVLPSOLFLW\WKHLQWHUQDOVWUXFWXUHRIWKHGDWDEDVHV\V
WHPKDVEHHQOHIWRXW7KHGHWDLOVRQWKHGDWDEDVHVDUHVHHQLQ)LJXUHDERYH
  Data link
  Data transfer
*,6'DWDEDVH6($0'66
3URFHGXUHV
3RRO'DWDEDVH
$GPLQLVWUDWLYH7DEOHV
(YDOXDWLRQ7DEOHV
0DQDJHPHQW
6WUXFWXUH
Presentation
Manager
Pool
Manager
Project
Manager
Model
Manager
Evaluation
Manager
Project set-up
Project
Determination
Framework
selection
Pool setup
Model set-up
Mode set-up
Pool
calculationScenario
Manager
Mode
Tables
Arithmetic
Project
Table
Pool
Table
Aggregation
Interpolation
Impact
Tables
Unit price
Tables
Project
Impacts
CBA
Tables
Evaluation
Estimation
techniques
Weight
Tables
Proportionality
 Network, node, zone &
attribute data
,QWHUPHGLDWH'DWDEDVH
Impact & traffic data
Model
Table
7KH6($0'66 LVGLYLGHGYHUWLFDOO\ LQWRDQRYHUDOOPDQDJHPHQW VWUXFWXUH DQG D VHW RI
SURFHGXUHVWKDWWKHXVHUZLOOSDVVWKURXJKGXULQJD IXOO6($0PRGHOOLQJSURFHVV+RUL
]RQWDOO\ WKH V\VWHPPD\ EH GLYLGHG LQWR WZR FROOHFWLYH JURXSV RIPDQDJHUV DQG SURFH
GXUHVZKHUHRQH LVPDLQO\FRQFHUQHGZLWKVWUXFWXUDOGDWDEDVHPDLQWHQDQFHZKHUHDV WKH
RWKHU LV PDLQO\ FRQFHUQHG ZLWK WKH HYDOXDWLRQ SURFHVV 7KHUH LV JHQHUDOO\ YHU\ OLWWOH
RYHUODSSLQJEHWZHHQ WKH WZR FROOHFWLYH JURXSV7KH OLQNVEHWZHHQ WKHP DUH WKH SURFH
GXUHVWHUPHG¶3RROFDOFXODWLRQ·DQG¶$JJUHJDWLRQ·ZKLFKLVDSSDUHQWLQERWK)LJXUHDQG
)LJXUH7KHVHWZRSURFHGXUHVDUHPDLQO\FRQFHUQHGZLWKGDWDWUDQVIHUZKLFKLPSOLHV
PRGHOOLQJRUDJJUHJDWLRQFUHDWLRQRIQHZGDWDRQWKHEDVLVRIH[LVWLQJ7KHVHRSHUDWLRQV
DUH LQGLFDWHGZLWK DUURZV 7KH RWKHU SURFHGXUHVPDLQO\ RSHUDWH RQ RUPDQLSXODWH GDWD
ZLWKLQWKHERXQGDULHVRIWKH'66WKHGDWDOLQNV
 7+(0$1$*(0(176758&785(
7KHPDQDJHPHQWVWUXFWXUHKDVVL[OD\HUVHDFKRIZKLFKLVPDGHXSRIVHYHUDOSURFHGXUHV
7KLVVWUXFWXUHLVKHOSIXOIRUWKHFRQFHSWXDOLVDWLRQRIWKH6($0PHWKRGRORJ\EXWUHTXLUHV
PRUH VSHFLILF GHVFULSWLRQV IRU SUDFWLFDO LPSOHPHQWDWLRQ 6LQFH WKH HYDOXDWLRQ SURFHVV
LQFOXGLQJWKHLPSDFWDVVHVVPHQWLVDPXOWLOD\HUHGSURFHVVWKHVWHSVLQWKHSURFHGXUHKDV
EHHQVWUXFWXUHGDQGDVVRFLDWHGZLWKILYHRI WKHPDQDJHUV)RU WKHVDNHRIVLPSOLFLW\ WKH
PDQDJHPHQWVWUXFWXUHDQGWKHSURMHFWDSSUDLVDOSURFHVVLVSUHVHQWHGDVOLQHDU,QSUDFWLFH
WKHSURFHVVLVE\QRPHDQVOLQHDU
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
3RRO0DQDJHU
3RROVHWXS
6HOHFWLRQRIHYDOXDWLRQIUDPHZRUN
3URMHFW0DQDJHU
'HWHUPLQDWLRQRISURMHFWDOWHUQDWLYHV	VFHQDULRV
3URMHFWVHWXS
'HWHUPLQDWLRQRIYDULDEOHVE\PRGH
0RGHO0DQDJHU
0RGHO6SHFLILFDWLRQ
0RGHOVHWXS
6FHQDULR0DQDJHU
6FHQDULRSDLQWLQJRIGHYHORSPHQWYDULDEOHV
(YDOXDWLRQ0DQDJHU
,PSDFWDVVHVVPHQW
$JJUHJDWLRQRILPSDFWV
&DOFXODWLRQRISURMHFWLPSDFWV$ULWKPHWLF
'HWHUPLQDWLRQRIXQLWSULFHVDQGHVWLPDWLRQRIVKDGRZSULFHV
&DOFXODWLRQRIFURVVVHFWLRQDOEHQHILWV$ULWKPHWLF
&RUUHFWLRQRIVLJQV
,QWHUSRODWLRQ
(YDOXDWLRQ
%HVLGHV WKHVH SURFHVVRULHQWHGPDQDJHUV D XWLOLW\ KDV EHHQ GHYHORSHG IRU WKH JUDSKLFDO
SUHVHQWDWLRQDQGDQDO\VLVRIUHVXOWVDQGWDEOHVGHQRWHGWKH3UHVHQWDWLRQ0DQDJHU$VVHHQ
LQ)LJXUHWKH3UHVHQWDWLRQ0DQDJHULVFORVHO\LQWHJUDWHGZLWKERWKWKH6FHQDULRDQGWKH
(YDOXDWLRQ0DQDJHU7KH3UHVHQWDWLRQ0DQDJHULVDXWLOLW\LQWKHVHQVHWKDWLWLVDYDLODEOH
DV D UHVRXUFH WR DQ\RI WKHRWKHUPDQDJHUV2WKHUXWLOLWLHVQRWGLUHFWO\ DFFHVVLEOH WR WKH
XVHUVXFKDVGDWDWUDQVIHUREMHFWVHWFDUHQRWVKRZQIRUWKHVDNHRIVLPSOLFLW\
(DFKDFFHVVLEOH0DQDJHULVUHSUHVHQWHGE\RQHRUVHYHUDOXVHULQWHUIDFHVDLPLQJDWEHLQJDV
VHOIH[SODLQLQJDQGIOH[LEOHDVSRVVLEOH7KHJUDSKLFDOLQWHUIDFHRIWKH6($0'66LVVHHQ
EHORZ
3DJH 3DUW,,
&ODXV5HKIHOG
)LJXUH 7KHJUDSKLFDOLQWHUIDFHRIWKH6($0'66
$WWKHERWWRPRIWKH'66LQWHUIDFHDUDQJHRILQIRUPDWLRQLVSURYLGHGIRUWKHXVHU7KH
'66DOZD\VRSHUDWHVRQWKHFXUUHQWSRRO7XQQHO%DVHFXUUHQWVFHQDULR0.7FXUUHQW
SURMHFW FP FXUUHQW HYDOXDWLRQ IUDPHZRUN (81(7 FXUUHQW PRGH 5RDG DQG D
GHIDXOWGDWDEDVH QRWVKRZQ$OORSHUDWLRQVFRQFHUQHGZLWK VWUXFWXUDOGDWDEDVHPDLQWH
QDQFHZLOOEHSHUIRUPHGRQ WKHFXUUHQWPRGH FXUUHQW SURMHFW RU FXUUHQW VFHQDULR7KH
)LOH([SORUHU LV D XWLOLW\ FXVWRPLVHG IRU H[SORULQJ WKH 3RRO DQG ,QWHUPHGLDWH GDWDEDVHV
XVHGE\WKH6($0'66,WLVDSSOLHGLQFRPELQDWLRQZLWKPDQ\RWKHUXVHULQWHUIDFHVIRU
GUDJGURSSURFHGXUHV)RUWKHGDWDEDVHVOLVWHGLWZLOORSHQWKHGDWDEDVHDQGOLVWWKHWDEOHV
ZLWKLQWKHGDWDEDVH,QWKHQH[WOHYHOLWOLVWVWKHLWHPVLQHDFKWDEOH,QWKLVZD\GLIIHUHQW
ILOHVGDWDEDVHVWDEOHVDQGLWHPVDUHHDVLO\DFFHVVLEOHDQGPD\WKHQTXLFNO\EHHQWHUHGLQWR
WKH3RROGDWDEDVH
 7+(322/0$1$*(5
7KH3RRO0DQDJHUSURYLGHVWKHEDFNERQHRIWKH6($0'66,WLVDWILUVWJODQFHWKHPRVW
GLVSDUDWHRIWKHPDQDJHUVDVLWPDQDJHVWKHIXQGDPHQWDOVRIWKHV\VWHP,WLVPDGHXSRI
WZRPDLQJURXSV
3RROVHWXS
6HOHFWLRQRIHYDOXDWLRQIUDPHZRUN
(DFKZLOOEHGLVFXVVHGLQGHWDLOEHORZ
 322/6(783
7KHSRROVHWXSFRQVLVWVRIDPDLQO\WHFKQLFDOSDUWDERXWWKHHVWDEOLVKPHQWRIWKHOLQNWR
H[WHUQDO JHRJUDSKLFDO LQIRUPDWLRQ V\VWHPV *,6 DQG H[WHUQDO GDWDEDVHV ,Q WKLV FDVH LW
RSHUDWHV ZLWK OLQNV WR ERWK $5&,1)2 DQG $UF9LHZ DQG HQVXUHV WKDW WKHVH H[WHUQDO
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
VRIWZDUHSDFNDJHVDUHDFFHVVLEOHWRWKHPRGHOVWKDWLQYROYHVSDWLDOPRGHOOLQJDQGDQDO\VLV
7KLV DOVR LQYROYHV WKH UHIHUHQFH WR WKH PRGHO GHIDXOW GDWDEDVH 7KLV GDWDEDVH FRQWDLQV
GHIDXOWYDULDEOHV IRU DOOPRGHOV LQ WKH VRIWZDUH7KH LQFOXVLRQRI WKH GHIDXOW GDWDEDVH LV
RSWLRQDODVLVWKHXVHRI*,6
7KH VHFRQG SDUW LV FRQFHUQHG ZLWK 3RRO YDULDEOHV 7KHVH YDULDEOHV DUH FRPPRQ WR DOO
SURMHFWV LQ WKH SRRO 7KH\PD\ EH FKDQJHG DW DQ\ VWDJH RI WKH SURFHVV0RVW RI WKHVH
YDULDEOHV DUH QRW HVVHQWLDO WR QHLWKHU WKH 3URMHFW 0RGHO RU 6FHQDULR 0DQDJHU EXW DUH
HVVHQWLDOWRWKH(YDOXDWLRQ0DQDJHU7KHYDULDEOHVDUH
• 7KHGLVFRXQW\HDU
• 7KHFXUUHQWHYDOXDWLRQIUDPHZRUN
• 7KHSULFHOHYHO
2WKHUJHQHUDOLQIRUPDWLRQLVLQFOXGHGVXFKDVDSRROGHVFULSWLRQDQGWKHPRQHWDU\XQLW
 6(/(&7,212)(9$/8$7,21)5$0(:25.
7KHHYDOXDWLRQ IUDPHZRUN UHTXLUHGZLOOGHSHQGRQ WKHSODQQLQJFRQWH[W$PLQRU UXUDO
E\SDVVURDGLQYROYHVRQO\RQHPRGHDQGDOLPLWHGVHWRILPSDFWVVHHHJ9',Q
RWKHUFDVHVWKHSURMHFWPD\EHYHU\ ODUJHDQGLQYROYH ORQJWHUPLPSDFWVZKLFKFDOOVIRU
DQ DGYDQFHG PXOWLPRGDO HYDOXDWLRQ IUDPHZRUN $ IUDPHZRUN HVVHQWLDOO\ RXWOLQHV WKH
UHOHYDQWVHWRILPSDFWVIRUWKHDYDLODEOHPRGHVWKDWVKRXOGEHDFFHVVLEOHWRWKHXVHUDVD
PHDQV RI VHFXULQJ FRQVLVWHQF\ DFURVV SURMHFWV 7KH IUDPHZRUNV DYDLODEOH DUH VHH DOVR
DSSHQGL[$
• 7KH'DQLVK1DWLRQDO7UXQN5RDG(YDOXDWLRQ)UDPHZRUN9'
• 7KH(85(7PXOWLPRGDOIUDPHZRUNV&(&DH
• 7KH$3$65RDGIUDPHZRUN&(&I
• 7KH(81(7PXOWLPRGDOIUDPHZRUNV/HOHXUHWDO
0DQ\RI WKHPRGHOOLQJ DSSURDFKHV DUH FRPPRQ WR HDFK IUDPHZRUN EXW WKH UDQJH DQG
FODVVLILFDWLRQLVQRW7KH6($0'66FDQKDQGOHDQ\QXPEHURIPRGHVEXWDWWKHPRPHQW
VL[DOWHUQDWLYHPRGHVRUW\SHVRILQIUDVWUXFWXUHDUHDYDLODEOH
• 5RDG
• 5DLO
• ,QWHUPRGDO
• $LU
• 6KRUW6HD6KLSSLQJ
• :DWHUZD\
7KHVHFDQEHFRPELQHGDVRQHVHHVILW
 7+(352-(&70$1$*(5
7KH3URMHFW0DQDJHUIRUPVWKHFRUHRIWKHVRIWZDUH7KLVSDUWRIWKHVRIWZDUHFRQFHUQV
WKHGHWHUPLQDWLRQRIWKHSURMHFWV7KHSURFHVVKDVEHHQVXEGLYLGHGLQWRWKUHHHOHPHQWV
'HWHUPLQDWLRQRISURMHFWDOWHUQDWLYHV	VFHQDULRV
3URMHFWVHWXS
'HWHUPLQDWLRQRIYDULDEOHVE\PRGH
(DFKZLOOEHGLVFXVVHGLQGHWDLOEHORZ
3DJH 3DUW,,
&ODXV5HKIHOG
 '(7(50,1$7,212)352-(&7$/7(51$7,9(6	6&(1$5,26
3URMHFWVDUHGHILQHGLQFRQQHFWLRQZLWKWKHVFHQDULRVLQVXFKDZD\WKDWDSURMHFWFDQEH
HYDOXDWHGERWKDFURVVVFHQDULRVDVZHOODVZLWKLQRQHVFHQDULR)ROORZLQJWKHGHWHUPLQD
WLRQRIHDFKVFHQDULRWKHDSSURSULDWHPRGHVUHOHYDQWWRWKHSODQQLQJSUREOHPDUHGHWHU
PLQHG7KHLQWHUIDFHIRUWKH3URMHFW0DQDJHULVVHHQEHORZ
)LJXUH 7KH3URMHFW0DQDJHULQWHUIDFH7RWKHOHIWWKHSURMHFWVDUHOLVWHGE\SURMHFWSRRO7KHPRGHOVDUH
GLYLGHGE\PRGH
7KHGDWDLVHQWHUHGIRUHDFKFDOFXODWLRQ\HDU,QWKHULJKWVLGHRIWKHLQWHUIDFHGDWDPD\EH
HQWHUHGXVLQJ WKH GUDJGURSRSWLRQ IURP WKH)LOH([SORUHU7KH LQIRUPDWLRQ HQWHUHG LV
HLWKHUILOHVIURPWKH,QWHUPHGLDWHGDWDEDVH²VHH)LJXUHLWHPVRUVSHFLILFYDULDEOHVLQ
DWDEOHFROXPQ2QO\WKHOHDYHVUHOHYDQWWRWKHFXUUHQWHYDOXDWLRQIUDPHZRUNDUHDFFHVVL
EOHWRWKHXVHU
 '(7(50,1$7,212)352-(&79$5,$%/(6
,QRUGHU WRSHUIRUPVHQVLWLYLW\DQDO\VHVDQXPEHURIYDULDEOHVRWKHUZLVH FRPPRQ WRDOO
SURMHFWVLQWKHSRROKDYHEHHQPDGHSURMHFWVSHFLILF7KLVHQWDLOVVRPHUHGXQGDQF\EXWRQ
WKHRWKHUKDQGLWVHFXUHVWKHIOH[LELOLW\RIWKH'667KHSURMHFWVSHFLILFYDULDEOHVDUH
• 2SHQLQJ\HDU
• 'LVFRXQWUDWH
• 3URMHFWSHULRG
7KLVPDNHVLWSRVVLEOHWRSHUIRUPDQDO\VLVIRUDSURMHFWVRSWLPDOWLPHSKDVLQJIRUGLIIHUHQW
VFHQDULRV WR SHUIRUP VHQVLWLYLW\ WHVWV RQ WKH GLVFRXQW UDWH WHVWV UHJDUGLQJ WKH SURMHFW
SHULRGHWF
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
 '(7(50,1$7,212)9$5,$%/(6%<02'(
7RVHFXUHFRQVLVWHQF\LQWKHVRIWZDUHPRGHOYDULDEOHVKDYHEHHQGLYLGHGLQWRWZRJURXSV
• &RPPRQYDULDEOHVDQGGDWD
• 0RGHOVSHFLILFYDULDEOHVDQGGDWD
7KHFRPPRQYDULDEOHV DQG WKH FRPPRQGDWD FRQFHUQ LQIRUPDWLRQXVHGE\ YLUWXDOO\ DOO
PRGHOVIRUHDFKPRGHLQWKHSURMHFWDVVHVVPHQW7RHDVHWKHPRGHOVHWXSDQGWRVHFXUH
PRGHOFRQVLVWHQF\DFURVVHDFKSURMHFWWKLVLQIRUPDWLRQLVVWRUHGFHQWUDOO\7KHFRPPRQ
GDWDDUHIXUWKHUPRUHGLYLGHGLQWRIRXUPDLQJURXSVDFFRUGLQJWRWKHLUWHUULWRULDODIILOLDWLRQ
VHHWKHULJKWVLGHRI)LJXUH
• /LQNIORZGDWD
• 1HWZRUNGDWD
• 1RGHGDWD
• =RQHGDWD
$OOPRGHOGDWDDUHVWRUHGDFFRUGLQJ WRDFDOFXODWLRQ\HDU7KHVWUXFWXUHRI WKHFRPPRQ
GDWDFDQEHJHQHUDOLVHGWRDSSO\WRDOOPRGHVKRZHYHURQO\WKHVWUXFWXUHRIWKHFRPPRQ
GDWDUHOHYDQWWRURDGWUDQVSRUWLVGLVFXVVHGKHUH
 /LQNIORZGDWD
7KHOLQNIORZVGHVFULEHWKHIORZSDWWHUQLQWKHWUDQVSRUWQHWZRUN7KHFRPPRQURDGOLQN
IORZGDWDDQGUHOHYDQWYDULDEOHVDUHVWRUHGLQWKH0RGHWDEOHDVVHHQLQ)LJXUH
7DEOH &RPPRQWUDIILFUHODWHGYDULDEOHVDQGGDWD
&2002152$'/,1.)/2:,1)250$7,21
'$7$	9$5,$%/(6 '(6&5,37,21
7UDIILFILOH 3DWKWRWKHWUDIILFILOHFRQWDLQLQJWKHOLQNIORZVDQGVSHHGV
/LQN,G /LQN,'LWHPLQWKHWUDIILFILOH
)RUZDUGIORZ )RUZDUGIORZLWHPLQWKHWUDIILFILOH
%DFNZDUGIORZ %DFNZDUGIORZLWHPLQWKHWUDIILFILOH
7RWDOIORZ 7RWDOIORZLWHPLQWKHWUDIILFILOHRSWLRQDO
)RUZDUGVSHHG )RUZDUGVSHHGLWHPLQWKHWUDIILFILOH
%DFNZDUGVSHHG %DFNZDUGVSHHGLWHPLQWKHWUDIILFILOH
$YHUDJHVSHHG $YHUDJHVSHHGLWHPLQWKHWUDIILFILOHRSWLRQDO
/RUU\SHUFHQWDJH ,WHPLQGLFDWLQJWKHSHUFHQWDJHRIORUULHVLQWKHWUDIILFILOHRSWLRQDO
7KH WRWDO IORZ DQG DYHUDJH VSHHG LWHPV DUH RSWLRQDO DQG DUH UHOHYDQW RQO\ LI WKH WUDIILF
PRGHO UHVXOWV DUH DJJUHJDWHG0RGHOV KDYH KRZHYHU EHHQ LQFOXGHG IRU WKLV W\SH RI OLQN
GDWD7KHORUU\LWHPLVHTXDOO\RSWLRQDO7KHHIIHFWRIORUULHVLVLQFOXGHGLQWKHFDOFXODWLRQV
LIWKHSHUFHQWDJHRIORUULHVLQWKHWUDIILFIORZLVDYDLODEOH$OWHUQDWLYHO\WKHIORZRIORUULHV
FDQEHDVVHVVHGVHSDUDWHO\
3DJH 3DUW,,
&ODXV5HKIHOG
 1HWZRUNGDWD
$V FRQFHUQV WKHQHWZRUNGDWD WKH LQIRUPDWLRQ LVPDLQO\ VWUXFWXUDO+RZHYHU WKH IXQF
WLRQDO OLQN FODVVLILFDWLRQ LV RIWHQPRUH LPSRUWDQW 7KH FRPPRQ URDG QHWZRUN GDWD DQG
YDULDEOHVFRPSULVH
7DEOH &RPPRQQHWZRUNUHODWHGYDULDEOHVDQGGDWD
&2002152$'1(7:25.,1)250$7,21
'$7$	9$5,$%/(6 '(6&5,37,21
1HWZRUNILOH 3DWKWRWKHQHWZRUNILOHFRQWDLQLQJWKHOLQNGDWD
/LQN,' /LQN,'LWHPLQWKHQHWZRUNILOH
/LQNOHQJWK /HQJWKLWHPLQWKHQHWZRUNILOH
)XQFWLRQDOURDGW\SH 5RDGFODVVLILFDWLRQLWHPLQWKHQHWZRUNILOH
5RDGZLGWK 5RDGZLGWKLWHPLQWKHQHWZRUNILOHLQPHWHUV
1XPEHURIODQHV 7RWDOQXPEHURIODQHVLWHPLQWKHQHWZRUNILOH
)LFWLYHLWHP )LFWLYH]RQHLQWHUQDOOLQNLWHPLQWKHQHWZRUNILOH
)LFWLYHLQGLFDWRU 7KHLQGLFDWRURIWKHILFWLYHLWHPRQWKH]RQHLQWHUQDOOLQNV
7KH WUDIILFPRGHO GDWD WUDGLWLRQDOO\ FRPSULVHV D ]RQDO VWUXFWXUH EDVHG RQ KRPRJHQRXV
VRFLRHFRQRPLFGDWDDQGDIXQFWLRQDOWUDQVSRUWQHWZRUN7KHWUDIILFIORZRQWKHQHWZRUN
LVDVVXPHGWRRULJLQDWHIURPD]RQHFHQWURLGHORFDWHGDWWKHFHQWUHRIDFWLYLW\RIWKH]RQH
$VWKH]RQHFHQWURLGHUHSUHVHQWVDVLPSOLILFDWLRQRIZKHUHWUDIILFDFWXDOO\RULJLQDWHVIURP
D ILFWLRQDO LQWHUQDO GLVWDQFH IURP WKH FHQWURLGH WR WKH IXQFWLRQDO WUDQVSRUW QHWZRUN LV
LQFOXGHGLQRUGHUWRPRGHOWKHWUDYHOUHVLVWDQFHFRUUHFWO\7KLVLVVHHQLQ)LJXUH
7KH LPSDFW RI WKH IORZV RQ WKH ILFWLRQDO OLQNV UHSUHVHQWLQJ UHDO IORZV LV GLIILFXOW WR
PRGHO&RQVHTXHQWO\WKH\DUHGLVUHJDUGHGLQWKHLPSDFWDVVHVVPHQW$VSHFLILF LQGLFDWRU
VKRXOG LQGLFDWH ILFWLRQDO OLQNV)RUDGLVFXVVLRQRQWKHDVVHVVPHQWRI ]RQH LQWHUQDO OLQNV
DQG ]RQH LQWHUQDO WUDIILF VHH HJ1LHOVHQ2$  RU ,VUDHOVHQ 7 	1LHOVHQ (5

7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
)LJXUH 7KH]RQHVWUXFWXUHRIWKHUHVWDG7UDIILF0RGHO2707KHGRWWHGOLQHVLQGLFDWHWKH]RQHLQWHU
QDOOLQNV
 1RGHGDWD
1RGHGDWDLVUHTXLUHGQRWRQO\LQUHODWLRQWRWKHWUDIILFPRGHOEXWDOVRLQUHODWLRQWRWKH
DFFLGHQWDVVHVVPHQW7KHQRGHGDWDFRPSULVHV
7DEOH &RPPRQQRGHUHODWHGYDULDEOHVDQGGDWD
&2002112'(,1)250$7,21
'$7$	9$5,$%/(6 '(6&5,37,21
1RGHILOH 3DWKWRWKHQRGHILOHFRQWDLQLQJWKHQRGHGDWD
1RGH,' 1RGH,'LWHPLQWKHQRGHILOH
)XQFWLRQDOQRGHW\SH ,QWHUVHFWLRQFODVVLILFDWLRQLWHPLQWKHQRGHILOH
6LJQDOLVHG 6LJQDOLVHGLWHPLQWKHQRGHILOH²QR²\HV
)ODUHG )ODUHGLWHPLQWKHQRGHILOH²QR²\HV
'HOD\ 'HOD\LWHPLQWKHQRGHILOH
7KH LQFOXVLRQRI GHOD\V DQG WXUQ OLPLWDWLRQV UHTXLUHV DPRUHGHWDLOHG GHVFULSWLRQ RI WKH
QRGH+RZWKLVLVREWDLQHGGHSHQGVRQWKHQHWZRUNGHVFULSWLRQDQGVHYHUDOVROXWLRQVPD\
DSSO\1RGHILQLWHFKRLFHDV WR WKHUHSUHVHQWDWLRQRI WXUQ OLPLWDWLRQV LQ WKH6($0'66
KDVEHHQVHOHFWHG
 =RQHGDWD
=RQHGDWDFRYHUVDYHU\LQKRPRJHQHRXVFROOHFWLRQRILQIRUPDWLRQ6XFKLQIRUPDWLRQPD\
UHODWH WR D ZLGH UDQJH RI VRFLRHFRQRPLF GDWD DV ZHOO DV PDWULFHV GHVFULELQJ WKH IORZ
EHWZHHQ]RQHV7KHFRPPRQ]RQHGDWDLQFOXGHGKHUHDUH
3DJH 3DUW,,
&ODXV5HKIHOG
7DEOH &RPPRQQRGHUHODWHGYDULDEOHVDQGGDWD
&20021=21(,1)250$7,21
'$7$	9$5,$%/(6 '(6&5,37,21
=RQHILOH 3DWKWRWKH]RQHILOHFRQWDLQLQJWKH]RQDOGDWD
=RQH,' =RQH,'LWHPLQWKH]RQHILOH
3RSXODWLRQ 3RSXODWLRQLWHPLQWKH]RQHILOH
-REV 1XPEHURIMREVLWHPLQWKH]RQHILOH
2'PDWUL[ 3DWKWRWKH2'PDWUL[FRQWDLQLQJWKHQXPEHURIWULSVEHWZHHQ]RQHSDLUV
2')URP]RQH )URP]RQHLWHPLQWKH2'PDWUL[
2'7R]RQH 7R]RQHLWHPLQWKH2'PDWUL[
3HUVRQWULSV 3HUVRQWULSVLWHPLQWKH2'PDWUL[
&RVWPDWUL[ 3DWKWRWKH&RVWPDWUL[FRQWDLQLQJWKHDYHUDJHFRVWRIWUDYHOEHWZHHQ]RQHSDLUV
&RVW)URP]RQH )URP]RQHLWHPLQWKH&RVWPDWUL[
&RVW7R]RQH 7R]RQHLWHPLQWKH&RVWPDWUL[
'LVWDQFH 'LVWDQFHLWHPLQWKH&RVWPDWUL[
7UDYHOWLPH 7UDYHOWLPHLWHPLQWKH&RVWPDWUL[
7KH2' DQG &RVW PDWULFHV DUH XVHG IRU DVVHVVLQJ WKH FKDQJHV LQ JHQHUDOLVHG WUDYHOOHU
EHQHILWVFRQVLVWLQJRIYHKLFOHRSHUDWLQJFRVWDQGWUDYHOWLPHEHQHILWXQGHUYDULDEOHGHPDQG
VHH FKDSWHU  7KH VRFLRHFRQRPLF GDWD KDYH EHHQ OLPLWHG WR WKH SRSXODWLRQ DQG WKH
QXPEHURIMREV6RFLRHFRQRPLFGDWDPD\EHIDUPRUHGHWDLOHGDQGDUHRIWHQWDLORUHGWR
HDFKVSHFLILFWUDQVSRUWPRGHO
 6RPHILQDOUHPDUNVRQWKHFRPPRQGDWD
$W WKHPRVW UHGXFHG OHYHORI LQIRUPDWLRQPRVW LPSDFWPRGHOV UXQRQ WKHEDVHRI RQO\
WZRGDWDVHWV
• 7KHDQQXDODYHUDJHGDLO\WUDIILF$$'7E\OLQN
• 7KHDYHUDJHVSHHGE\OLQN
7KHDPRXQWRIGDWDWREHWUDQVIHUUHGDQGVWRUHGLQFUHDVHVSURSRUWLRQDOO\WRWKHFRPSOH[
LW\RIWKHSODQQLQJSUREOHPDVGRHVWKHWUDIILFPRGHODQGLPSDFWPRGHOLQWHUFRQQHFWLYLW\
DVGLVFXVVHGLQVHFWLRQ
 7+(02'(/0$1$*(5
7KH0RGHO0DQDJHUSURYLGHVWKHLQWHUIDFHGHWHUPLQLQJZKLFKPRGHOVWRLQFOXGHE\PRGH
LQ HDFKSURMHFW)RU HDFK LPSDFW W\SH DPRGH VSHFLILFPRGHO LQWHUIDFH LV DYDLODEOH 7KH
LQWHUIDFHLVEDVHGRQDFRPPRQWHPSODWH7KH0RGHO0DQDJHUSURYLGHVWKHRSSRUWXQLW\
IRUWKH
0RGHOVSHFLILFDWLRQ
0RGHOVHWXS
7KHVHZLOOEHGLVFXVVHGLQWKHIROORZLQJ
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
 02'(/63(&,),&$7,21
,Q FKDSWHU  PRGHO DGDSWDELOLW\ ZLWK UHVSHFW WR WKH SODQQLQJ FRQWH[W ZDV GLVFXVVHG
0RGHODGDSWDELOLW\ZDVGHILQHGDVFRQVLVWLQJRI5HKIHOG&
• $SSOLFDELOLW\
 7KHGHJUHHWRZKLFKWKHPRGHOJLYHVDQVZHUVWRWKHTXHVWLRQVSRVHG
• 6XLWDELOLW\
 7KHPRGHOVXLWDELOLW\IRUWKHSODQQLQJSUREOHPFRQFHUQLQJWKHOHYHORIDJJUHJDWLRQWKHGDWD
DYDLODEOHDQGWKHREMHFWLYHRIWKHPRGHO
• )HDVLELOLW\
 7KHIHDVLELOLW\RIWKHDSSURDFKZLWKUHVSHFW WR WKHEDODQFHEHWZHHQ WKHDYDLODEOH IXQGVDQG
WKHSURSHUPRGHODSSOLFDWLRQ
:KDWWKHDGDSWDELOLW\LQYROYHVLVWKDWIRUDJLYHQSODQQLQJFRQWH[WDPXOWLSOLFLW\RIPRGHOV
PD\EHDYDLODEOHIRUWKHHVWLPDWLRQRIWKHVDPHLPSDFWZLWKYDU\LQJGHJUHHRIDSSOLFDELO
LW\VXLWDELOLW\DQGIHDVLELOLW\,QSUDFWLFDOSODQQLQJWKHPRGHOFKRLFHZLOORIWHQEHJRYHUQHG
E\ WKH UHVRXUFHV DYDLODEOH DV WKH GDWD UHTXLUHPHQWV IRU VRPH PRGHOV H[FHHG ZKDW LV
UHDVRQDEOHLQWKHJLYHQFRQWH[W2SWLPDOO\WKHPRGHOOLQJDSSURDFKFDQEHVHOHFWHGIURPD
FROOHFWLRQ RI SDUDOOHO LPSDFWPRGHOV $Q H[DPSOH RI DQ LPSDFWPRGHO LQWHUIDFH LV VHHQ
EHORZ
)LJXUH 7KH0RGHO0DQDJHULQWHUIDFHVRIWKHHPLVVLRQDQGWKHH[SRVXUHPRGHO$WWKHWRSRIWKHLQWHUIDFH
DFKRLFHFDQEHPDGHEHWZHHQSDUDOOHOPRGHOV-XVWEHQHDWKWKHPRGHOVHOHFWRU WZRFRQWUROVDUH
DYDLODEOHWKH6HWWLQJV&RQWURODQGWKH0RGHO6HWXS&RQWURO
$WWKHWRSRIWKHLQWHUIDFHDQXPEHURIFKRLFHVFRQFHUQLQJSDUDOOHOPRGHOVDUHDYDLODEOH
 '(7(50,1$7,212)02'(/63(&,),&9$5,$%/(6
7ZRH[DPSOHVRID0RGHO0DQDJHULQWHUIDFHDUHVHHQLQ)LJXUHZKLFKLVPDGHXSRI
WKHPRGHOFKRLFHDQGWZRPRGHOVSHFLILFFRQWUROV
3DJH 3DUW,,
&ODXV5HKIHOG
• 7KH6HWWLQJV&RQWURO
• 7KH0RGHO6HWXS&RQWURO
7KH6HWWLQJV&RQWUROLVFRPPRQWRDOOPRGHOVDQGLQGLFDWHVWKHGDWDVRXUFHXVHGIRUWKH
PRGHOVHWXS7KHUHDUHWKUHHSRVVLEOHVRXUFHVIRUWKHVHWXSRIHDFKPRGHO,WKHVHWXS
LV DYDLODEOH RQO\ IURP D GHIDXOW GDWDEDVH ZKLFK FDQQRW EH HGLWHG ,, WKH PRGHO KDV
SURMHFW VSHFLILF VHWWLQJV ZKLFKDUH HGLWDEOHRU ,,, WKH VHWWLQJVXVHGDUH DYDLODEOH IURP
DQRWKHUSURMHFW7KH6HWWLQJV&RQWUROIXUWKHUPRUHHVWDEOLVKHVWKHFXUUHQWDQGWKHDYDLODEOH
FDOFXODWLRQ \HDUV 7KH RSWLRQV DYDLODEOH DQG WKH FXUUHQW PRGHO VHWXS DUH PDLQWDLQHG
DXWRPDWLFDOO\
7KH0RGHO6HWXS&RQWUROLVVSHFLILFWRHDFKSDUDOOHOPRGHO7KHGDWDOLVWHGLQWKLVFRQWURO
DUHWKHPRGHOVSHFLILFGDWD(DFKPRGHOHTXDOO\UHIHUVWRWKHFRPPRQGDWDZKHQDQG LI
UHTXLUHG7KLVZLOOPRVWRIWHQEHWKHQHWZRUNIORZGHVFULSWLRQWKHQHWZRUNGHVFULSWLRQV
HWFDVVWRUHGE\WKH3URMHFW0DQDJHU
7KH0RGHO6HWXS&RQWUROLVPDGHXSRIWKUHHSDQHOV,$YHU\EULHIPRGHORYHUYLHZLV
SURYLGHGE\WKH'HVFULSWLRQ3DQHO,,WKHRXWSXWWDEOHLVVHHQLQWKH)LOHV3DQHODQG,,,
WKHPRGHOVSHFLILFYDULDEOHVDQGILOHVDUHVHWLQRQHRUPRUH9DULDEOH3DQHOV$OOILOHVDQG
YDULDEOHV UHODWH WR WKHPRGHOOLQJ\HDU DVGHILQHG LQ WKH 6HWWLQJV&RQWURO%\ZD\RI WKLV
LQWHUIDFHDOOHOHPHQWVRIDPRGHOPD\EHFXVWRPLVHGIRUHDFKFDOFXODWLRQ\HDU$VSHFLILF
FDOFXODWLRQ\HDUVHWXSLVFKRVHQIRUHDFKSURMHFWE\ZD\RIWKH9HULI\EXWWRQ$QRYHU
YLHZRIVRPHPRGHOOLQJDSSURDFKHVDQGWKHLUYDULDEOHVDUHIRXQGLQDSSHQGL[%
 7+(6&(1$5,20$1$*(5
7KH 6FHQDULR 0DQDJHU LV KLJKO\ LQWHUWZLQHG ZLWK WKH 3UHVHQWDWLRQ 0DQDJHU DV VHHQ LQ
)LJXUH  VR WKH\ ZLOO EH GLVFXVVHG DV D XQLW 7KH 6FHQDULR 0DQDJHU LV XVHG IRU WKH
FDOFXODWLRQRIGHYHORSPHQWSURILOHVDVGLVFXVVHGLQVHFWLRQ
6FHQDULRSDLQWLQJRIGHYHORSPHQWYDULDEOHV
%HVLGHV WKH SDLQWLQJ RI GHYHORSPHQW YDULDEOHV WKH 6($0 PHWKRGRORJ\ LQYROYHV DV
PHQWLRQHG DERYH WKH JHQHUDWLRQ RI PXOWLSOH RXWSXW ILOHV &RQVHTXHQWO\ D VFHQDULR
SDLQWLQJPXVWLQFOXGHVRPHVRUWRIVWUXFWXUHRIWKHGDWDRXWSXWV$OVRSDLQWLQJRIJURXSV
RIYDULDEOHVPD\EHUHVWULFWHGE\GHSHQGHQFLHV7KH6FHQDULR0DQDJHUPDNHVWKLVSRVVLEOH
• 3DLQWLQJGHYHORSPHQWSURILOHV
• 0DLQWHQDQFHRIGHSHQGHQFLHV
• 6WUXFWXULQJRIRXWSXWILOHV
(DFKRIWKHVHZLOOEHGLVFXVVHGLQWKHIROORZLQJ
 3$,17,1*'(9(/230(17352),/(6
'HYHORSPHQW YDULDEOHV FDQ EH SDLQWHG DFFRUGLQJ WR WKH GHYHORSPHQW SURILOHV OLVWHG LQ
VHFWLRQ,IPRUHWKDQRQHGHYHORSPHQWYDULDEOHIROORZVWKHVDPHGHYHORSPHQWSURILOH
WKHVHFDQEHFDOFXODWHGVLPXOWDQHRXVO\7KH6FHQDULR0DQDJHULVVHHQLQ)LJXUH
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
)LJXUH 7KH6FHQDULR0DQDJHU
7KHGHYHORSPHQWSURILOH LV FDOFXODWHGRQ WKHEDVLV RI WKH VHOHFWHG LWHPV LQ WKH7DEOHV
LQWHUIDFHRIWKH3UHVHQWDWLRQ0DQDJHU7KH7DEOHVLQWHUIDFHLVVHHQEHORZ
)LJXUH 7KH7DEOHVLQWHUIDFH7KHWDEOHVKRZQLVWKHXQLWSULFHVIRUWKH0DUNHWRULHQWHGVFHQDULR0.7
7KH7DEOHV LQWHUIDFHFDQEHXVHG WR LOOXVWUDWH WKHHQWLUHRU VHOHFWHGSDUWVRI WKH GDWD VHW LQ WKH
*UDSKLFVLQWHUIDFH
7RDLGWKHGHYHORSPHQWDQGUHYLHZRIWKHGHYHORSPHQWSURILOHVDJUDSKLFDOSUHVHQWDWLRQ
RI WKH GHYHORSPHQW SURILOH LV JHQHUDWHG LPPHGLDWHO\ LQ WKH *UDSKLFV LQWHUIDFH 7KH
*UDSKLFVLQWHUIDFHLVHTXDOO\SDUWRIWKH3UHVHQWDWLRQ0DQDJHU$QH[DPSOHRIDGHYHORS
PHQWSURILOH IRU WKHYDOXHRI WLPH LQ WKH0DUNHWRULHQWHG VFHQDULR 0.7JHQHUDWHGRQ
WKHEDVLVRIWKH7DEOHLQWHUIDFHLQ)LJXUHDERYHLVVHHQLQ)LJXUH
3DJH 3DUW,,
&ODXV5HKIHOG
)LJXUH 7KH*UDSKLFV LQWHUIDFH7KH*UDSKLFV LQWHUIDFHFDQ LOOXVWUDWHGDWD LQPXOWLSOH GLIIHUHQWZD\V E\
VHOHFWLRQRIWKHDSSURSULDWHDOWHUQDWLYHLQWKHOLVW7KHGDWDVKRZQDUHWKHXQLWSULFHVIRUWKH0DU
NHWRULHQWHGVFHQDULR0.7
$VVHHQWKH7DEOHVDQG*UDSKLFVLQWHUIDFHVDUHFORVHO\UHODWHG
 0$,17(1$1&(2)'(3(1'(1&,(6
6RPH GHYHORSPHQW YDULDEOHV DUH UHVWULFWHG 2QH VXFK UHVWULFWLRQ FRQFHUQV SHUFHQWDJH
GLVWULEXWLRQVEHWZHHQYDULDEOHV$QH[DPSOHLVWKHWULSGLVWULEXWLRQEHWZHHQGLIIHUHQWWULS
SXUSRVHV ZKLFK PXVW DPRXQW WR  7R DFFRPPRGDWH WKLV D WRRO IRU WKH VSHFLILF
WUHDWPHQWRIWKHVHFKDQJHVKDVEHHQGHYHORSHG0RVWRIWHQWKHVFHQDULRGHYHORSPHQWZLOO
FRQFHUQ RQO\ RQH RU WZR RI WKHVH YDULDEOHV 7KH UHPDLQLQJ YDULDEOHV ZLOO KDYH WR EH
DGMXVWHG DFFRUGLQJO\ $Q H[DPSOH RI VXFK DQ DGMXVWPHQW LV VHHQ LQ )LJXUH  RQ WKH
GLVWULEXWLRQEHWZHHQFRPPXWLQJZRUNLQJDQGOHLVXUHWULSV
)LJXUH $QLOOXVWUDWLRQRIWKHHIIHFWRIWKHGHSHQGHQFLHVWRRORQDLPDJLQHGWULSSXUSRVHSDWWHUQ
7KH VKDUH RI OHLVXUH WULSV /HLVXUH7ULS3FW GHFUHDVHV E\ RQH WKLUG IROORZLQJ D ORJLVWLFDO
WUHQGZKHUHDVWKHVKDUHRIFRPPXWLQJWULSV+RPH:RUN3FWGHFUHDVHE\IROORZLQJ
DOLQHDUWUHQG6XFKDSURILOHFRXOGEHLPDJLQDEOHLQDKLJKO\WHFKQRORJLFDOVRFLHW\ZLWKD
KLJKGHJUHHRIWHOHFRPPXWLQJDQGDXWRPDWHGJRRGVGHOLYHU\
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
 6758&785,1*2)287387),/(6
'XHWR WKHYDVWDPRXQWRIGDWD ILOHVSURGXFHGXVLQJ WKH6($0PHWKRGRORJ\DV\VWHP
IRU DXWRPDWHG GHQRPLQDWLRQ RI RXWSXW ILOHV LV UHTXLUHG 7KH FRQYHQWLRQ XVHG IRU WKH
GHQRPLQDWLRQRIRXWSXWILOHVLV
,PSDFWW\SH	3URMHFWQDPH	<HDU
6XFKDGHQRPLQDWLRQSUDFWLFHLVYHU\XVHIXOSURYLGHGWKDWWKHQDPHGRHVQRWEHFRPHWRR
ORQJ 7KURXJKRXW WKLV UHSRUW LPSDFWV KDYH EHHQ FODVVLILHG DFFRUGLQJ WR D WKUHHOHWWHU
FRPELQDWLRQ 6RPH H[DPSOHV DUH (;3 IRU H[SRVXUH 92& IRU YHKLFOH RSHUDWLQJ FRVW
02% IRUPRELOLW\ HWF 7KH SURMHFW QDPHPXVW HTXDOO\ EH OLPLWHG WR WKUHH OHWWHUV 7ZR
OHWWHUVWR LQGLFDWHWKHSURMHFWQDPHDQGRQHWRLQGLFDWHWKHVFHQDULR,QWKLVZD\WKHIXOO
QDPH RI DOO RXWSXW ILOHV LV OLPLWHG WR  OHWWHUV D OLPLWDWLRQ UHODWLQJ WR WKH  OLPLW IRU
QDPLQJG%DVH,9ILOHV7KHQDPHRIWKHRXWSXWILOHIRUDUXQRIDQRLVHPRGHOIRUSURMHFW
D LQ WKH ,QWLPDWH VFHQDULR ,17 IRU WKH \HDU ZRXOG EH QRLDLGEI 7R IXUWKHU
VHFXUHWKHVWUXFWXUHDQGDFFHVVLELOLW\RIWKHRXWSXWGDWDWKHGDWDLVVWRUHGLQDKLHUDUFKLFDO
GLUHFWRU\VWUXFWXUH7KHVWUXFWXUHLVOLVWHGEHORZ
+RPH'LU?<HDU?6FHQDULR?3URMHFW?0RGH?
+RPH'LULVDYDULDEOHZLWKWKHSDWKWRWKHGLUHFWRU\RIWKHVRIWZDUHSURJUDP
 7+((9$/8$7,210$1$*(5
7KH(YDOXDWLRQ0DQDJHULVWKHPRVWFRPSUHKHQVLYHRIWKHPDQDJHUV
,PSDFWDVVHVVPHQW
$JJUHJDWLRQRILPSDFWV
&DOFXODWLRQRISURMHFWLPSDFWV$ULWKPHWLF
'HWHUPLQDWLRQRIXQLWSULFHVDQGHVWLPDWLRQRIVKDGRZSULFHV
&DOFXODWLRQRIFURVVVHFWLRQDOEHQHILWV$ULWKPHWLF
&RUUHFWLRQRIVLJQV
,QWHUSRODWLRQ
(YDOXDWLRQ
7KH(YDOXDWLRQ0DQDJHULVPDGHXSRIDYDULHW\RIPLQRULQWHUIDFHVWKDWSHUIRUPVSHFLDO
WDVNV DV SDUW RI WKH DQDO\VLV 7KHVH LQWHUIDFHV DUH XVHG FRQVHFXWLYHO\ DV WKH EDVLV IRU
PDNLQJWKHSURMHFWHYDOXDWLRQ
 ,03$&7$66(660(17
,WLVSRVVLEOHEXWQRWYHU\HIILFLHQWWRSHUIRUPWKHLPSDFWDVVHVVPHQWDWGLIIHUHQW OHYHOV
RI WKH SURFHVV 7KH FDOFXODWLRQV DUH DV GHVFULEHG DERYH EDVHG RQ D FRPELQDWLRQ RI
FRPPRQDQGPRGHO VSHFLILFGDWDPDQDJHGE\ WKH3URMHFW DQG0RGHO0DQDJHUV UHVSHF
WLYHO\&DOFXODWLRQVRIDQ\FRPELQDWLRQRISURMHFWVVFHQDULRV\HDUVPRGHOVDUHSHUIRUPHG
PRVWHIILFLHQWO\XVLQJWKH&DOFXODWLRQLQWHUIDFH
3DJH 3DUW,,
&ODXV5HKIHOG
)LJXUH 7KH &DOFXODWLRQ LQWHUIDFH8VLQJ GUDJGURS SURFHGXUHV IURP WKH 3URMHFW0DQDJHU DQG WKH )LOH
([SORUHUVHWVXSWKH&DOFXODWLRQLQWHUIDFH
%\ ZD\ RI WKH GDWD FRQFHUQLQJ HDFK PRGHO WKH QHFHVVDU\ FDOOV DUH PDGH WR H[WHUQDO
SURJUDPV LQWHUQDO URXWLQHV RU ZKLFKHYHU VHWXS WKH PRGHO UHTXLUHV WR UXQ 3RVVLEOH
SUREOHPVDUHUHJLVWHUHGLQDORJILOH
 $**5(*$7,212),03$&76
$VPHQWLRQHGWKHUHVXOWVFDOFXODWHGDUHVWRUHGDVGLVDJJUHJDWHGDVSRVVLEOHWRHQVXUHWKHLU
YLVXDOLVDWLRQLQD*,6)RUWKHVDNHRIWKHHYDOXDWLRQWKHVHUHVXOWVPXVWEHDJJUHJDWHG7KH
DJJUHJDWLRQ LQWHUIDFH RIIHUV GLIIHUHQW RSWLRQV IRU VSHFLDO W\SHV RI DJJUHJDWLRQ+RZHYHU
WKHPDLQXVHRIWKHDJJUHJDWLRQLQWHUIDFHFRQFHUQVWKHGHYHORSPHQWRIWKHLPSDFWWDEOHV
)LJXUH 7KH$JJUHJDWLRQLQWHUIDFH8VLQJGUDJGURSSURFHGXUHVIURPWKH)LOH([SORUHUVHWVXSWKH$JJUH
JDWLRQLQWHUIDFH
$Q LPSDFW DJJUHJDWLRQ WDEOH LV DPDWUL[ ZLWK DOO WKH LPSDFWV DJJUHJDWHG E\ \HDU LQ WKH
FDOFXODWLRQXQLW$QH[DPSOHRIDQDJJUHJDWHGWDEOHLVIRXQGEHORZ
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
7DEOH 7KHDJJUHJDWHUHVXOWVRIWKHSURMHFWG$PDJHU6WUDQGYHM²7UDIILFFDOPLQJLQFHQWUDO&RSHQKD
JHQ20&²2SHUDWLRQDQGPDLQWHQDQFHFRVW92&²9HKLFOHRSHUDWLQJFRVW LQYHKLFOH NP
77%²7UDYHO WLPHEHQHILW6$)²6DIHW\1XPEHURIFDVXDOWLHV*/2²6WUDWHJLFHQYLURQPHQW
(;3²([SRVXUH12,²1RLVH1RLVH ORDGQXPEHU6%7)RUPRGHOOLQJGHWDLOVSOHDVH UHIHU WR
DSSHQGL[%
20& 92& 77% 6$) */2 (;3 12,
 &$5 :25. &20 /(,685( /,1. 12'( (1(5*< 12; &2 +& 
<($5 '.5 .0 +2856 180%(5 *- 3(5621× 721.0 6%7
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7KHUHVXOWVIURPVKRZWKDWWKHPRGHOFRYHUVDQDUHDZKHUHLQDSSUR[LPDWHO\RI
WKH SDVVHQJHU FDU YHKLFOH NLORPHWUHV LQ 'HQPDUN DUH XQGHUWDNHQ 'DQPDUNV 6WDWLVWLN
1RWDOOLPSDFWVUHTXLUHRUFDQEHDJJUHJDWHG7KLVJRHVHJIRUVLPSOHVFRUHVRUWKH
LQYHVWPHQWFRVWV7KHVHPRGHOUHVXOWVPD\EHDSSHQGHGDWODWHUVWDJH
 &$/&8/$7,212)352-(&7,03$&76
7KH FHQWUH IRU WKH FDOFXODWLRQ RI SURMHFW HIILFLHQF\ LV WKH &RVW%HQHILW 7RROV LQWHUIDFH
7KLV LQWHUIDFHFRQWDLQV IXQFWLRQV IRU WKHPRVW FRPPRQRSHUDWLRQVRQ WKH WDEOH IRUPDW
XVHGKHUHVSHFLDOLVHGDULWKPHWLFRSHUDWLRQVPDQDJHULDORSHUDWLRQVDQGWKHFDOFXODWLRQRI
EHQHILWVXQGHUYDULDEOHGHPDQGYHKLFOHRSHUDWLQJFRVWDQGWUDYHOWLPHEHQHILWV7KHPRVW
LPSRUWDQWRIWKHRSHUDWLRQVZLOOEHGLVFXVVHGLQWKHIROORZLQJSDUDJUDSKV
)LJXUH 7KH&RVW%HQHILW7RROV LQWHUIDFH7KH LQWHUIDFHDOZD\VRSHUDWHV RQ WKHZRUNLQJSURMHFW XSSHU
PRVWFRUQHUDQGOLVWVWKHGRPLQLPXPSURMHFWEHORZ)RUHDFKRSHUDWLRQDEULHILQIRUPDWLRQRQ
WKHRSHUDWLRQLVRIIHUHG
)RUHDFKSURMHFWDGRPLQLPXPKDVWREHGHILQHG7KLVGRPLQLPXPPD\YDU\EHWZHHQ
SURMHFWV ,Q WKH IROORZLQJ WKHSURFHVV RI HVWDEOLVKLQJ D IRXQGDWLRQ IRU WKH HYDOXDWLRQ LV
3DJH 3DUW,,
&ODXV5HKIHOG
SUHVHQWHG DORQJ ZLWK VROXWLRQV VHOHFWHG IRU WKH 6($0 '66 7KH SURMHFW LPSDFWV DUH
FDOFXODWHG E\ VXEWUDFWLQJ WKH GRPLQLPXP IURP WKH GRVRPHWKLQJ XVLQJ WKH DULWKPHWLF
SURFHGXUH,QWKHFDVHRIYDULDEOHGHPDQGWKHWUDYHOOHULPSDFWVFDQQRWEHFDOFXODWHGXVLQJ
WKLVVLPSOH DSSURDFK D OLQNEDVHGDSSURDFKFDQEHXVHG LQ VSHFLDO FDVHV VHH%XXV1
$FFRUGLQJO\WKHPDUJLQDOWUDYHOOHUEHQHILWVPXVWEHFDOFXODWHGE\ZD\RIWKH2'
DQG&RVWPDWULFHVDVGHVFULEHGLQVHFWLRQ7KHVHQHZUHVXOWVPD\EHDSSHQGHGWRWKH
SURMHFWLPSDFWWDEOH
 '(7(50,1$7,212)81,735,&(6$1'(67,0$7,212)6+$'2:35,&(6
7KHXQLWSULFHVDQGZHLJKWSURILOHVDUHHQWHUHGPDQXDOO\ LQWRD WDEOHFXVWRPLVHGIRU WKH
LPSDFWFRPSRVLWLRQRIHDFKVFHQDULR7KH7DEOHV LQWHUIDFH LVXVHGIRUHQWHULQJ WKHGDWD
7KH HVWLPDWLRQ WHFKQLTXH IRU QRQYDOXDWHG LPSDFWV LPSOHPHQWHG LQ WKLV VWXG\ LV WKH
:$53SURFHGXUHEULHIO\GLVFXVVHG LQVHFWLRQ VHH/HOHXU6IRUPRUHGHWDLOV
$QLPSDFW6XPWDEOHLVFDOFXODWHGDFURVVDOOSURMHFWVIRUHDFKVFHQDULR7KHFURVVVHFWLRQDO
EDVH SULFH LV VXEVHTXHQWO\ FDOFXODWHG DV WKH EHQHILW RI WKH YDOXDWHG LPSDFWV 7KH FURVV
VHFWLRQDO VKDGRZ SULFHV DUH FDOFXODWHG IRU HDFK RI WKH ZHLJKWHG LPSDFWV LQ WKH:HLJKW
WDEOH 7KH &%$ 	0&$ LQWHUIDFH XVHG WR SHUIRUP WKHVH RSHUDWLRQV LV VHHQ EHORZ LQ
)LJXUH
)LJXUH 7KH&%$	0&$LQWHUIDFH7KHVFHQDULROLVWHGLVWKH6XSUDQDWLRQDOVFHQDULR683
7KHVKDGRZSULFHVFDOFXODWHGRQWKHEDVLVRI WKH6XP8QLWSULFHDQG:HLJKW WDEOHVDUH
VDYHGLQWKH8QLWSULFHWDEOH,QWKHFDVHRIDQLQKRPRJHQHRXVSURMHFWSRROWKHHVWLPDWHG
EDVH VKDGRZ SULFHV VKRXOG EH XVHG DV WKH IL[ SRLQW IRU GHYHORSPHQW DFFRUGLQJ WR WKH
SUHYDLOLQJGHYHORSPHQWSURILOH
 &$/&8/$7,212)&52666(&7,21$/%(1(),76
$VDVHWRIFRPELQHGXQLW DQG VKDGRZSULFHVKDYHEHHQHVWDEOLVKHG WKHFURVVVHFWLRQDO
EHQHILWVDUHGHWHUPLQHGE\PXOWLSO\LQJ WKHXQLWSULFH WDEOH DQG WKHSURMHFW LPSDFW WDEOH
7KLVLVGRQHXVLQJWKHDULWKPHWLFSURFHGXUHVHH)LJXUH
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
 &255(&7,212)6,*16
+DYLQJFDOFXODWHG WKHEHQHILWV WKHVHEHQHILWVVKRXOGEH DGMXVWHGDFFRUGLQJ WR WKHLU VLJQ
ZLWK UHVSHFW WR KDYLQJ D SRVLWLYH RU QHJDWLYH VRFLRHFRQRPLF LQWHUSUHWDWLRQ $V DQ
H[DPSOH D QHJDWLYH WUDYHO WLPH EHQHILW LPSDFW LPSOLHV D VDYLQJ DQG LV DFFRUGLQJO\ D
SRVLWLYHEHQHILW&RQYHUVHO\DSRVLWLYHYHKLFOHRSHUDWLQJFRVWLPSDFWLPSOLHVDVRFLDOFRVW
DQGLVDFFRUGLQJO\DGLVEHQHILW7KLVFKDQJHRIWKHVLJQUHODWHVWRPRVWEHQHILWVEXWQRW
DOO$Q LQFUHDVH LQ WUDLQRSHUDWRU UHYHQXH LV DEHQHILW DQGKHQFHD FKDQJHRI WKH VLJQ LV
XQQHFHVVDU\ 7KH VDPH JRHV IRU WKH LQYHVWPHQW FRVW DV WKLV UHSUHVHQWV D SRVLWLYH FRVW
$FFRUGLQJO\DOOPRGHOVDUHDVVRFLDWHGZLWKDGHWHUPLQDWLRQRIWKHLUVLJQ
 ,17(532/$7,21
6RIDUDOOEHQHILWVKDYHEHHQGLVFUHWH IRU HDFKFDOFXODWLRQ\HDU ,QRUGHU WRFDOFXODWH WKH
VRFLRHFRQRPLFYDOXHRIDSURMHFWWKHEHQHILWVDQGGLVEHQHILWVZLOOKDYHWREHHVWLPDWHG
IRUWKH\HDUVLQEHWZHHQWKHFDOFXODWLRQ\HDUV7KHUHDUHVHYHUDOLVVXHVWREHGHDOWZLWKLQ
VXFKDQLQWHUSRODWLRQ
• 7KHSRVVLELOLWLHVRILQWHUPHGLDWHIL[\HDUV
• 7KHSURORQJDWLRQIURPWKHODVWFDOFXODWLRQ\HDU
• 7KHHVWLPDWLRQPHWKRG
• 7KH¶FOHDQLQJ·RIUHVXOWV
$Q LQWHUPHGLDWH IL[ \HDU UHIHUV WR LPSRUWDQW FKDQJHV LQ WKH FDOFXODWLRQSUHFRQGLWLRQV LQ
EHWZHHQWKHILUVWDQGWKH ODVWFDOFXODWLRQ\HDU ,Q WKHFDVHRI&RSHQKDJHQ VXFKFKDQJHV
LQYROYHWKHRSHQLQJRIWKHUHVXQG%ULGJHDQGWKHUHVWDGPLQLPHWUR7KHVHSURMHFWV
DUHQRWEHLQJDQDO\VHGEXWWKH\LQIOXHQFHWKHVFRUHRIRWKHUSURMHFWV%HORZWKHGLIIHUHQFH
LQEHQHILW VWUHDPVIURPXVLQJDQ LQWHUPHGLDWH IL[\HDUDQGQRWXVLQJDQ LQWHUPHGLDWH IL[
\HDULVLOOXVWUDWHG
)LJXUH 7KHGLIIHUHQFHEHWZHHQKDYLQJDQLQWHUPHGLDWHIL[\HDUDQGQRWKDYLQJRQH
$FRQVFLRXVFKRLFHPXVWEHPDGHDERXWWKHSURORQJDWLRQRIWKHPRGHOOLQJUHVXOWVIURP
WKH ODVW FDOFXODWLRQ \HDU WR WKH HQG RI WKH SURMHFW SHULRG ,V LW UHDVRQDEOH WR DVVXPH D
FRQWLQXHGJURZWKUDWHRIWKHEHQHILWVVWUHDPRUVKRXOGDVLPSOHFRQWLQXDWLRQRIWKH ODVW
FDOFXODWLRQ\HDU·VYDOXHVEHVHOHFWHG6WLOORWKHUGHYHORSPHQWVDUHLPDJLQDEOH7KHVLPSOHVW
DSSURDFKLVDOLQHDUDSSUR[LPDWLRQEXWDSRO\QRPLDOILWWLQJIRUDVPRRWKHUGHYHORSPHQW
RIEHQHILWVLVHTXDOO\DQRSWLRQ%HORZWKH([SDQGLQWHUIDFHLVSUHVHQWHG
3DJH 3DUW,,
&ODXV5HKIHOG
)LJXUH 7KH([SDQGLQWHUIDFH
7KH¶FOHDQLQJ·RIUHVXOWVUHIHUVWRWKHILQDOGDWDVHWIRUHYDOXDWLRQ7KHRSHQLQJ\HDUPD\LQ
IDFW EH LQEHWZHHQ WZRPRGHOOLQJ \HDUV $FFRUGLQJO\ DOO LPSDFWV VKRXOG EH VHW WR ]HUR
EHIRUHWKHRSHQLQJ\HDU7KHLQYHVWPHQWFRVWVVKRXOGKRZHYHUEHPDLQWDLQHG
 (9$/8$7,21
)ROORZLQJWKHGDWDSUHSDUDWLRQDVGHVFULEHGDERYHWKHOHDVWHIIRUWFRQFHUQVWKHFDOFXODWLRQ
RIHDFKSURMHFWVVRFLRHFRQRPLFYDOXH$ZLGHUDQJHRIHYDOXDWLRQFULWHULDLVDYDLODEOHVHH
HJ/HOHXU6$VKRUWOLVWLV
• 7KHILUVW\HDUUDWHRIUHWXUQ)<55
• 7KHQHWSUHVHQWYDOXH139
• 7KH%HQHILW&RVW5DWLR%&
• 7KHLQWHUQDOUDWHRIUHWXUQ,55
7KHVH HYDOXDWLRQ FULWHULD DUH FDOFXODWHG VLPXOWDQHRXVO\ 7KH ILUVW \HDU UDWH RI UHWXUQ KDV
OLWWOHPHDQLQJDVDQHYDOXDWLRQFULWHULRQLQD6($0FRQWH[W,WLVKRZHYHULQFOXGHGIRUWKH
VDNHRIIOH[LELOLW\7KHLQWHUQDOUDWHRIUHWXUQLVOHVVRIWHQXVHGLQVRFLRHFRQRPLFDSSUDLVDO
GXH WR WKHZHOONQRZQ SUREOHPRI WKH SRVVLELOLW\ RIPXOWLSOH URRWV DQG LQFRQVLVWHQFLHV
ZLWKWKHQHWSUHVHQWYDOXHLQSURMHFWUDQNLQJXQGHUEXGJHWFRQVWUDLQWV3,$5&
 &21&/8',1*5(0$5.6217+(6($0'66
,WKDVEHHQVKRZQWKDWWKHSUDFWLFDOLVVXHVRIWKH6($0PHWKRGRORJ\FDQEHGHDOWZLWK
WKURXJKDFRQVLVWHQWDSSURDFKWRVFHQDULRSDLQWLQJ7KHVWDJLQJRI WKHDSSURDFKGLYLGHV
WKHPRGHOOLQJLQWRVHSDUDWHEORFNVZKLFKHDVHVWKHLPSOHPHQWDWLRQRIWKHPHWKRGRORJ\
,WKDVEHHQIRXQGWKDWRQFHWKHSURMHFWDQGVFHQDULRVWUXFWXUHLVVHWWKH6($0'66LVD
YHU\HIILFLHQWWRROWRKDQGOHLQDQLWHUDWLYHSURFHVVRIHYDOXDWLQJGLIIHUHQWSURMHFWDOWHUQD
WLYHV
7KHV\VWHPGHVLJQIRU6($0 3DJH
&ODXV5HKIHOG
,Q WKHQH[WFKDSWHUVRPHILQGLQJV IURPD OLPLWHGFDVH VWXG\DUHSUHVHQWHG7KHFKDSWHU
LOOXVWUDWHVWKHDSSOLFDWLRQRIWKH6($0PHWKRGRORJ\LQFRQQHFWLRQWRD ODUJH LQIUDVWUXF
WXUHSURMHFW
 /,7(5$785(
%DWW\ 0 8VLQJ JHRJUDSKLF LQIRUPDWLRQ V\VWHPV LQ XUEDQ SODQQLQJ DQG SROLF\ PDNLQJ LQ
*HRJUDSKLF,QIRUPDWLRQ6\VWHPV6SDWLDO0RGHOOLQJDQG3ROLF\(YDOXDWLRQ)LVFKHU00
	1LMNDPS3(GV6SULQJHU9HUODJSS
%HQQHWW -/  2YHUYLHZ )URP %HQQHWW -/ %XLOGLQJ GHFLVLRQ VXSSRUW V\VWHPV
$GGLVRQ:HVOH\SS
%XXV1 6DPIXQGV¡NRQRPLVN DQDO\VH DI LQYHVWHULQJHU L NROOHNWLY WUDILN ²(WPHWRGHVWXGLH
&2:,FRQVXOW
&DUOVRQ (' $Q DSSURDFK IRU GHVLJQLQJ GHFLVLRQ VXSSRUW V\VWHPV )URP %HQQHWW -/
%XLOGLQJGHFLVLRQVXSSRUWV\VWHPV$GGLVRQ:HVOH\SS
&(& D&RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV (85(7 ² 7UDQVSRUW UHVHDUFK ² &RVW
%HQHILWDQG0XOWL&ULWHULD$QDO\VLVIRU1HZ5RDG&RQVWUXFWLRQ%UXVVHOV'*9,,
&(& E&RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV (85(7 ² 7UDQVSRUW UHVHDUFK ² &RVW
%HQHILWDQG0XOWL&ULWHULD$QDO\VLVIRU1HZ7UDQVSRUW,QIUDVWUXFWXUHLQWKHILHOGRI5DLOZD\V%UXVVHOV
'*9,,
&(& F&RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV (85(7 ² 7UDQVSRUW UHVHDUFK ² &RVW
%HQHILWDQG0XOWL&ULWHULD$QDO\VLVIRU1HZ7UDQVSRUW,QIUDVWUXFWXUHLQWKHILHOGRI,QODQG:DWHUZD\V
%UXVVHOV'*9,,
&(&G&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK²(YDOXD
WLRQ)UDPHZRUNIRU,QYHVWPHQWVLQ1RGDO&HQWUHVIRU3DVVHQJHUV%UXVVHOV'*9,,
&(&H&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUWUHVHDUFK²(YDOXD
WLRQ)UDPHZRUNIRU,QYHVWPHQWVLQ1RGDO&HQWUHVIRU*RRGV%UXVVHOV'*9,,
&(&I&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV$3$65RDG(YDOXDWLRQ3UHSDUHGE\
,QVWLWXWHIRU7UDQVSRUW6WXGLHV8QLYHUVLW\RI/HHGVHWDOIRU'*9,,%UXVVHOV
'DQPDUNV6WDWLVWLN7UDQVSRUWVWDWLVWLN'DQPDUNV6WDWLVWLN
(65,$5&,1)2'DWD0DQDJHPHQW²&RQFHSWVGDWDPRGHOVGDWDEDVHGHVLJQDQGVWRUDJH
(QYLURQPHQWDO6\VWHPV5HVHDUFK,QVWLWXWH,QF(65,
(65,$UF9LHZ(QYLURQPHQWDO6\VWHPV5HVHDUFK,QVWLWXWH,QF(65,
+HDUQVKDZ +  3V\FKRORJ\ DQG GLVSOD\V LQ *,6 )URP 9LVXDOL]DWLRQ RI *HRJUDSKLF
LQIRUPDWLRQV\VWHPV(GLWHGE\+HDUQVKDZ+0	8QZLQ'- -RKQ:LOH\DQG6RQV
SS
+HLNNLOD(-*,6LV'HDG/RQJ OLYH*,6-RXUQDORIWKH$PHULFDQ3ODQQLQJ$VVR
FLDWLRQ6XPPHU)RUWKFRPLQJ
,VUDHOVHQ7	1LHOVHQ(5%UXJDI*,6WLO WUDILNPRGHODUEHMGHU L8ODQGH(NVDPHQ
VSURMHNW,QVWLWXWIRU3ODQO JQLQJ'DQPDUNV7HNQLVNH8QLYHUVLWHW
.URQEDN - 	 5HKIHOG &  ,QWURGXNWLRQ WLO *,6  %HJUHEHU RJ 0HWRGHU ,QVWLWXW IRU
3ODQO JQLQJ'DQPDUNV7HNQLVNH8QLYHUVLWHW1RWDWQU)RUWKFRPLQJ
3DJH 3DUW,,
&ODXV5HKIHOG
/HOHXUHWDO/HOHXU6.URQEDN-5HKIHOG&	&2:,FRQVXOW$WWDFKPHQWUHSRUWWR
(81(7 ' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ² (81(7 7UDQVSRUW (YDOXDWLRQ )UDPHZRUN
)HEUXDU\
/HOHXU 6 5RDG ,QIUDVWUXFWXUH 3ODQQQLQJ ² $ 'HFLVLRQ2ULHQWHG $SSURDFK 3RO\WHNQLVN
IRUODJ
0DF(DFKUHQHWDO0DF(DFKUHQ$%LVKRS,'\NHV-'RUOLQJ'	*DWUHOO$
,QWURGXFWLRQWRDGYDQFHV LQYLVXDOLVLQJVSDWLDOGDWD)URP9LVXDOL]DWLRQRI*HRJUDSKLF LQIRUPD
WLRQV\VWHPV(GLWHGE\+HDUQVKDZ+0	8QZLQ'--RKQ:LOH\DQG6RQVSS
0H\HU0'	6DUDVXD:$$*,6EDVHG7UDQVSRUWDWLRQ3URJUDP0DQDJHPHQW6\VWHP
IRU D &RXQW\ 7UDQVSRUWDWLRQ $JHQF\ 7UDQVSRUWDWLRQ 5HVHDUFK %RDUG $QQXDO VW 0HHWLQJ
3UHSULQW3DSHU1RSS
1LHOVHQ2$8VLQJ*,6LQ'HQPDUNIRUWUDIILFSODQQLQJDQGGHFLVLRQVXSSRUW-RXUQDORI
$GYDQFHG7UDQVSRUWDWLRQ9RO1RSS
1LHOVHQ2$2SWLPDOEUXJDISHUVRQWUDILNPRGHOOHU²(QDQDO\VHDISHUVRQWUDILNPRGHOOHUPHG
KHQEOLN Sn GDWD¡NRQRPL RJ YDOLGLWHW 3K'DIKDQGOLQJ ,QVWLWXW IRU 9HMH 7UDILN RJ %\SODQ
'DQPDUNV7HNQLVNH8QLYHUVLWHW5DSSRUW1U
3,$5& 0HWKRGV IRU VHOHFWLQJ URDG LQYHVWPHQW (FRQRPLF DQG ILQDQFH FRPPLWWHH RI
3,$5&
5HKIHOG& $SSOLFDWLRQ RI*,6 IRU7UDIILF3ODQQLQJ²:LWK D VSHFLDO HPSKDVLV RQ GHFLVLRQ
VXSSRUW DQG ORFDO HQYLURQPHQWDO HIIHFWV 3DSHU  ,QVWLWXWH IRU 5RDGV 7UDIILF DQG 7RZQ
3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN
5HKIHOG&8VLNNHUKHGVDQDO\VHU L IRUELQGHOVHPHG EHVOXWQLQJVSURFHVVHU IRU WUDILNLQYHVWHULQJHU
7UDILNGDJHSn$DOERUJ8QLYHUVLWHW¶6XSSOHPHQWVUDSSRUWSS
9'8QGHUV¡JHOVHDIVW¡UUHKRYHGODQGHYHMVDUEHMGHU²0HWRGH IRU HIIHNWEHUHJQLQJHU RJ ¡NRQRPLVN
YXUGHULQJNRQRPLVN6WDWLVWLVN$IGHOLQJ9HMGLUHNWRUDWHW
9RQGHURKH HW DO  9RQGHURKH $3 7UDYLV / 6PLWK 5 	 7VDL 9 $GDSWLQJ
*HRJUDSKLF,QIRUPDWLRQ6\VWHPVIRU7UDQVSRUWDWLRQ751HZV0DUFK$SULOSS
&ODXV5HKIHOG
 $33/,&$7,212)7+(6($00(7+2'2/2*<
7KLV FKDSWHUZLOO LOOXVWUDWH WKH SRWHQWLDO RI WKH 6($0PHWKRGRORJ\ WKURXJK VRPH FDVH
VWXG\UHVXOWV7KHVFHQDULRSDLQWLQJKDVEHHQOLPLWHGWRWKHLPSDFWPRGHOVDQGHYDOXDWLRQ
GHYHORSPHQW YDULDEOHV 7KH VFHQDULR SDLQWLQJ XVLQJ WKH 3DOOXGDQ HW DO  VFHQDULRV
ZDVGHVFULEHGLQFKDSWHU7KHFDVHLVDERXWDVXJJHVWHGILIWKFURVVLQJRIWKH&RSHQKD
JHQKDUERXU²7KH+DUERXU7XQQHO7KHWUDIILFPRGHOUHVXOWVKDYHEHHQREWDLQHGIURPD
WUDIILFDQDO\VLVRIWKH+DUERXU7XQQHODQGXVHGFRXUWHV\RIWKH'DQLVK7UDQVSRUW&RXQFLO
DQGWKHUHVWDGVVHOVNDE,WKDVEHHQEH\RQGWKHUHVRXUFHVRIWKLVVWXG\WRXQGHUWDNHDIXOO
6($0DSSUDLVDOEXWWKHUHVXOWVZLOOLOOXVWUDWHWKHSRWHQWLDORIWKH6($0PHWKRGRORJ\
7KH WUDIILF DQDO\VLV ZDV RQO\ FRQFHUQHG ZLWK SDVVHQJHU FDU WUDQVSRUW DQG QR VFHQDULR
SDLQWLQJKDV DVPHQWLRQHGEHHQPDGHRI WKH WUDIILFPRGHO ,W VKRXOGEHQRWHG WKDW WKH
WUDIILFPRGHOXVHGIRUWKLVVWXG\LVEHLQJLPSURYHGDQGDSSOLHGLQDIXOOVFDOHVWXG\RIWKH
+DUERXU7XQQHO
 &23(1+$*(1$%5,(),1752'8&7,21
&RSHQKDJHQ WKHFDSLWRORI'HQPDUNZDV IRXQGHGDURXQG WKH WXUQRI WKH ILUVWPLOOHQ
QLXP ,W LV ORFDWHG DURXQG D QDWXUDO KDUERXU PDGH XS RI VHYHUDO PLQRU LVODQGV 7KH
KDUERXUGLYLGHVWKHFHQWUDODUHDVRIWKHFLW\LQWRWZRPDLQFRQXUEDWLRQV7KHPDMRULW\RI
WKHSRSXODWLRQOLYHVRQWKHZHVWHUQVLGHRIWKHKDUERXURQ6HDODQG$PDJHUWRZDUGVWKH
HDVWLVDQLVODQGWKDWKDVDODUJHDQGGHQVHSRSXODWLRQORFDWHGLQWKHDUHDVFORVHWRWKHFLW\
FHQWUH7KHPHGLHYDOFLW\FHQWUHLQVLWXDWHGRQWKH6HDODQGVLGHRIWKHKDUERXU
)LJXUH 0DSRI&RSHQKDJHQ7RWKH(DVWLV WKH LVODQG$PDJHUZLWK&RSHQKDJHQ$LUSRUW7KHPHGLHYDO
FLW\ FHQWUH LV ORFDWHG MXVW RSSRVLWH RI $PDJHU $URXQG WKH FLW\ FHQWUH LV ORFDWHG IRXU GHQVHO\
SRSXODWHGDUHDVVWHUEUR1¡UUHEUR9HVWHUEURDQG$PDJHUEUR
3DJH 3DUW,,
&ODXV5HKIHOG
6XUURXQGLQJWKHPHGLHYDOFLW\FHQWUHDUHIRXUGHQVHO\SRSXODWHGDUHDV7KHLUQDPHVUHIOHFW
WKHLUJHRJUDSKLFDOGLUHFWLRQ
• 1¡UUHEUR1RUWKHUQ%ULGJH
• VWHUEUR(DVWHUQ%ULGJH
• 9HVWHUEUR:HVWHUQ%ULGJH
• $PDJHUEUR$PDJHU%ULGJH
7KHEULGJHDUHDVDUHPL[HVRIKLJKTXDOLW\GZHOOLQJVDQGORZTXDOLW\VSHFXODWLYHGHYHORS
PHQW IURPDURXQGWKH WXUQRI WKHFHQWXU\7KHSRSXODWLRQRI WKH*UHDWHU&RSHQKDJHQ
5HJLRQ LVPRUH PLOOLRQ7KHPDMRULW\ RI WKH SRSXODWLRQ LV ORFDWHG DORQJ ILYH ¶ILQJHUV·
VWUHWFKLQJRXWIURPWKHGHQVHFLW\DUHDV
 7+(75$1632576<67(0
)RXUURDGEULGJHVFURVVWKH&RSHQKDJHQ+DUERXUZKLFKUHSUHVHQWVDVFUHHQOLQHGLYLGLQJ
WKHFLW\7ZRRI WKHVHEULGJHV FURVV EHWZHHQ WKHPHGLHYDO FLW\ FHQWUH DQG$PDJHU VHH
)LJXUH
• .QLSSHOVEUR
 7KHQRUWKHUQPRVWRI WKH IRXUEULGJHVFRQQHFWLQJ WKHSDUOLDPHQWDQGPHGLHYDOFLW\FHQWUH
ZLWK$PDJHU
• /DQJHEUR
 /DQJHEURORFDWHGMXVWVRXWKRI.QLSSHOVEURFRQQHFWVFHQWUDO$PDJHUWKURXJK+&$QGHUVHQV
%RXOHYDUGZLWK FHQWUDO &RSHQKDJHQ+&$QGHUVHQV %RXOHYDUG SDVV FORVH E\ WKHPHGLHYDO
WRZQFHQWUH
• 6M OODQGVEURHQ
 /RFDWHGVOLJKWO\QRUWKRIWKH.DOYHERG%ULGJHFRQQHFWLQJ$PDJHUZLWK&RSHQKDJHQWKURXJK
WKHLQGXVWULDODUHDLQWKHVRXWKHUQKDUERXU6\GKDYQHQ
• .DOYHERGEUR
 7KHPRWRUZD\(FURVVHVWKLVEULGJHVRXWKRIWKH&RSHQKDJHQFLW\FHQWUHDQGFRQQHFWVWR
WKH'DQLVKPRWRUZD\V\VWHP7KH(OHDGVWR&RSHQKDJHQDLUSRUWDQGWKHUHVXQG%ULGJH
$OORIWKHVHEULGJHVFDUU\VXEVWDQWLDO WUDIILF IORZV WRDQGIURPWKHFLW\FHQWUHDVZHOODV
VRPHWKURXJKWUDIILF
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
)LJXUH 7KHURDGEULGJHVDFURVV&RSHQKDJHQ+DUERXU7KH.DOYHERGEULGJHLVWKHPRWRHUZD\EULGJHWKDW
FRQQHFWVWRWKHUHVXQGEULGJH7KLVEULGJHLVIXUWKHUVRXWK
7KHWUDIILFIORZLQWKHGRPLQLPXPFDVHDLVVHHQEHORZ
3DJH 3DUW,,
&ODXV5HKIHOG
)LJXUH 7UDIILF IORZV RQ WKH GRPLQLPXP URDG QHWZRUN IRU  ZLWKRXW D +DUERXU 7XQQHO 1LHOVHQ 
2$1LHOVHQ(5,VUDHOVHQ7
Do-minimum
Total flow
[Thousand vehicles per day]
0a
%HVLGHVWKHURDGQHWZRUN&RSHQKDJHQKDVDZHOOGHYHORSHGXUEDQUDLO V\VWHPNQRZQDV
WKH 6WUDLQ V\VWHP 7KH ODWHVW PXFK QHHGHG GHYHORSPHQW LV D OLJKW UDLO OLQN UXQQLQJ
SHUSHQGLFXODUWRWKHSUHVHQWGLUHFWLRQRIWKH6WUDLQQHWZRUNIURP)UHGHULNVEHUJVWDWLRQ
WR$PDJHUEURDQGWKHQHZUHVWDG&RSHQKDJHQDOVRKDVDZHOOGHYHORSHGEXVV\VWHP
 7+(5(67$'
7KHUHVWDGLVDQHZXUEDQGHYHORSPHQWSURMHFWORFDWHGRQWKHZHVWHUQVLGHRI$PDJHU
7RDYRLGLQFUHDVLQJWKURXJKWUDIILFLQFHQWUDO&RSHQKDJHQGXHWRWKHGHYHORSPHQWRIWKH
UHVWDGDOLJKWUDLOOLQHLVEHLQJFRQVWUXFWHGDORQJWKHUHVWDGILQDQFHGE\WKHUHYHQXHRI
WKH GHYHORSPHQW ZKHUHDV RQO\ D ODQH DFFHVV URDG LV EHLQJ FRQVWUXFWHG )LFK & 	
6¡QGHUJDDUG07KHUHVWDGWKHVWDJHGPLQLPHWUROLQNVDQGWKH6WUDLQV\VWHP
LVVHHQLQ)LJXUH
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
)LJXUH 7KHUHVWDGZLWKGHYHORSPHQWV DQG WKH UHODWLRQEHWZHHQ WKH H[LVWLQJ 6WUDLQ QHWZRUN DQG WKH
QHZUHVWDGPLQLPHWUR%DVHGRQUHVWDGVVHOVVNDEHW
7KH PLQL PHWUR LV PDGH XS RI WKUHH SDUWV RI ZKLFK WKH )UHGHULNVEHUJ /LQH DQG WKH
UHVWDGV/LQHDUHH[SHFWHGWRRSHQLQWKH\HDU7KH(DVWHUQ$PDJHU/LQHLV\HWWR
EHGHFLGHGXSRQ
7RVWDUWWKHGHYHORSPHQWRIWKHUHVWDGVRPHIDFXOWLHVRIWKH8QLYHUVLW\RI&RSHQKDJHQ
DQG WKH QDWLRQDO DUFKLYHV DUH PRYLQJ WR WKH UHVWDG 7KH PRGHOOLQJ SUHFRQGLWLRQV
FRQFHUQLQJGHYHORSPHQWLQWKHUHVWDGXVHGLQWKHDVVHVVPHQWLVVHHQLQ7DEOHEHORZ
7DEOH 7KHPRGHOOLQJSUHFRQGLWLRQV IRU WKHGHYHORSPHQW LQ SRSXODWLRQ DQG WKH QXPEHU RI MREV LQ WKH
IXWXUHUHVWDGIRUWKHHDFKFDOFXODWLRQ\HDU&DUO%UR	1LHOVHQ2$1LHOVHQ(5,VUDHO
VHQ77KH]RQHQXPEHUVUHIHUWKH]RQHVLQEHORZ
7+(5(67$' 3238/$7,21 -2%6
=21( ¶ ¶  ¶ ¶ 
1RUWK      
0LGGOH      
9HMODQGV$OOp      
%HOOD&HQWUHHWF      
$PDJHU0RWRUZD\      
6RXWK      
727$/      
$IXOO\GHYHORSHGUHVWDGLVQRWH[SHFWHGXQWLODURXQGWKH\HDUEXWLWH[SHFWHGWREH
SDUWO\GHYHORSHGE\WKH\HDU7KH]RQH,'·VOLVWHGLQ7DEOHDUHIRXQGLQ)LJXUH
EHORZ
3DJH 3DUW,,
&ODXV5HKIHOG
 7+(5(681'%5,'*(
7KH UHVXQG %ULGJH EHWZHHQ &RSHQKDJHQ DQG 0DOP¡ LQ 6ZHGHQ DLPV DW LQWHJUDWLQJ
6FDQLD DQG&RSHQKDJHQDQGSURYLGLQJDFFHVV IURP6ZHGHQ WRFRQWLQHQWDO(XURSH7KH
%ULGJH ZKLFK LV D FRPELQHG UDLO DQG URDG EULGJH FRQQHFWV MXVW QH[W WR &RSHQKDJHQ
$LUSRUW7KHEULGJHLVH[SHFWHGWRRSHQLQWKH\HDU
 7+(+2/0(1$5($
+ROPHQLVDQROGQDY\DUHDMXVWRSSRVLWHRIPHGLHYDOFLW\FHQWUH,WZDVGHFLGHGWRPRYH
WKH1DY\ DZD\ IURP+ROPHQ DV WKH ULVNRI KDYLQJ WKH1DY\ ORFDWHG LQ VXFK D GHQVHO\
SRSXODWHGDUHDZDVGHHPHGWRRJUHDW7KH1DY\OHIW+ROPHQLQ6RRQDIWHUWKLVWKH
$UFKLWHFW$FDGHP\DQGWKH&RSHQKDJHQ$FWLQJ6FKRROPRYHGLQ,WLVDQWLFLSDWHGWKDWWKH
DUHDZLOOSOD\DVLJQLILFDQWUROHLQWKHIXWXUHFXOWXUDOOLIHRI&RSHQKDJHQ
)LJXUH 7KH+ROPHQDUHDLVPDGHXSRI+ROPHQLWVHOI5HIVKDOH,VODQGDQG.O¡YHUPDUNHQ
7KHDUHDLVORFDWHGWRZDUGVUHVXQGDQGMXVWDFURVVIURPWKHPHGLHYDOFLW\FHQWUH7KHUHVWDGLV
ORFDWHGLQWKH]RQHVDQG
6OLJKWO\WRWKHQRUWKRIWKHROGQDY\DUHDOLHVWZRDUHDVFDOOHG5HIVKDOH,VODQGDQG.O¡YHU
PDUNHQ7KHVH DUHDV DUHSRWHQWLDOO\YHU\ LQWHUHVWLQJ IRUXUEDQGHYHORSPHQW DV WKH\ IDFH
WKHVHDDQGDUHUHODWLYHO\FORVHWRWKHFLW\FHQWUH3UHVHQWO\WKH\DUHKRZHYHUWRRIDUIURP
DQ\ WUDQVSRUW LQIUDVWUXFWXUH WREHGHYHORSHG 7KHPRGHOOLQJ DVVXPSWLRQV IRU WKH HQWLUH
+ROPHQDUHDLQFOXGLQJ5HIVKDOH,VODQGDQG.O¡YHUPDUNHQLVVHHQLQ7DEOH
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
7DEOH 7KHPRGHOOLQJSUHFRQGLWLRQVIRUWKHGHYHORSPHQWLQSRSXODWLRQDQGWKHQXPEHURIMREVRQLQWKH
+ROPHQDUHDIRUHDFKFDOFXODWLRQ\HDU&DUO%UR	1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ
77KH]RQHQXPEHUVUHIHUWKH]RQHVLQ)LJXUHDERYH
+2/0(1 3238/$7,21 -2%6
=21( ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶
+ROPHQ        
5HIVKDOH,VODQG        
.O¡YHUPDUNHQHWF        
727$/        
)RU WKH FDOFXODWLRQ \HDU  WKH SRSXODWLRQ LV DVVXPHG WR LQFUHDVH VXEVWDQWLDOO\ 7KH
UHVLGHQWVDUHIXUWKHUPRUHDVVXPHGWRKDYHDKLJKHUDYHUDJHLQFRPHWKDQWKRVHOLYLQJGXH
WRWKHDWWUDFWLYHQHVVRIWKHDUHD
 7+(+$5%2857811(/
$ILIWKFURVVLQJRI WKH&RSHQKDJHQ+DUERXUDQRUWKHUQ WXQQHOKDVEHHQGLVFXVVHG IRU
PDQ\\HDUV7KHWXQQHOZDVSDUWRI&RSHQKDJHQ·VURDGVFKHPHGXULQJWKHVEXWZDV
DJDLQ DEDQGRQHG GXULQJ WKH V 7UDQVSRUWUnGHW  7KH+DUERXU 7XQQHO UHVXU
IDFHG LQGXH WRD UHSRUWSXEOLVKHG MRLQWO\E\ WKH3RUWRI&RSHQKDJHQDQGWKHUHDO
HVWDWHFRPSDQ\ZKLFKRZQWKHODQGRQWKH5HIVKDOH,VODQG7KHDUJXPHQWEHLQJWKDWWKH
3RUWQHHGHGWKLVFRQQHFWLRQLQRUGHUWRFRPSHWHZLWKWKHUDLODQGURDGRSHUDWRUVIROORZ
LQJ WKH QHZ *UHDW %HOW DQG UHVXQG %ULGJHV DQG WKH SRVVLEOH )HKPDUQ %HOW %ULGJH
EHWZHHQ'HQPDUN DQG*HUPDQ\ ,Q  WKH 3RUW RI &RSHQKDJHQ SXEOLVKHG DQRWKHU
QRWHRQWKHSRVVLEOHSUDFWLFDOFRQQHFWLRQVRQHLWKHUVLGH7UDQVSRUWUnGHW
/DWHU LQ  WKH 7HQJYDG &RPPLWWHH ZKR ZHUH FRPPLVVLRQHG WR ORRN DW WUDQVSRUW
LQYHVWPHQWVLQWKHJUHDWHU&RSHQKDJHQUHJLRQSXEOLVKHGWKHLUUHSRUW7KLVUHSRUWGLGQRW
UHFRPPHQGWKHFRQVWUXFWLRQRID+DUERXU7XQQHO,QWKHUHSRUWIURPWKH:UW]HQ
&RPPLWWHHZKLFKDOVRORRNHGDWWUDQVSRUWLQYHVWPHQWVLQWKHJUHDWHU&RSHQKDJHQUHJLRQ
WKH+DUERXU7XQQHOZDV EULHIO\ GLVFXVVHG EXW LWV FRQVWUXFWLRQZDV QRW VXJJHVWHG 7KH
PDLQUHDVRQVIRUWKHVHFRQFOXVLRQVRQWKH+DUERXU7XQQHOZHUHWKHSRWHQWLDOLQFUHDVHLQ
IORZV RQ WKH IHHGHU URDGV WRZDUGV &RSHQKDJHQ DQG WKH SRWHQWLDO GHWHULRUDWLRQ RI WKH
HQYLURQPHQWRQWKH$PDJHUVLGH,WZDVKRZHYHUQRWHGE\WKH:UW]HQ&RPPLWWHHWKDW
DSRVVLEOHWXQQHOZRXOGUHGXFHWKHWUDIILFLQWKHPHGLHYDOFLW\FHQWUHDQG&KULVWLDQVKDYQ
7UDQVSRUWUnGHW
,Q D UHSRUW IURP  E\ WKH VKLS\DUG %XUPHLVWHU 	 :DLQ DQG  E\ WKH 'DQLVK
0LQLVWU\RI7UDQVSRUWXVHUSDLGVROXWLRQVZHUHVXJJHVWHG/DWHULQWKH'DQLVK
5RDG'LUHFWRUDWHSURPRWHGWKHLQFOXVLRQRIWKH+DUERXU7XQQHODVSDUWRIDUHJLRQDOULQJ
URDGDURXQG&RSHQKDJHQGXHWRWKHH[SHFWHGSUHVVXUHRQWKHURDGQHWZRUNIURPERWK
WKHUHVWDGDQGWKHUHVXQG%ULGJH9'/DWHULQWKH'DQLVK5RDG'LUHF
WRUDWH SUHVHQWHG WUDIILFPRGHO UHVXOWV ZKLFK SUHGLFWHG D IORZ LQ WKH WXQQHO RI EHWZHHQ
FDUVSHUGD\9'
3DJH 3DUW,,
&ODXV5HKIHOG
,Q WKHPLQLVWHURI WUDQVSRUW DQG WKHPD\RURI&RSHQKDJHQ VXJJHVWHGD FRPELQHG
VROXWLRQZKHUH WKHPLQLVWU\SDLG IRU D WXQQHO DQG WKHFLW\ RI&RSHQKDJHQ LPSOHPHQWHG
WUDIILFFDOPLQJPHDVXUHVIRUWKHPHGLHYDOFLW\FHQWUH/DWHULQWKHFLW\RI&RSHQKD
JHQSUHVHQWHGDSODQIRUWUDIILFFDOPLQJLQ&RSHQKDJHQ.¡EHQKDYQV.RPPXQHD
7KH ILQDO LQLWLDWLYH FDPH LQ ZKHQ WKH'DQLVK 7UDQVSRUW &RXQFLO FRPPLVVLRQHG D
ZRUN RQ WKH HIIHFWV RQ WKH WUDIILF IURP GLIIHUHQW GHVLJQV RI D +DUERXU 7XQQHO
7UDQVSRUWUnGHW  7KH IORZ HVWLPDWHV IURP WKLV WUDIILF VWXG\ DUH XVHG IRU WKH
FDOFXODWLRQVLQWKHVFHQDULREDVHGDSSUDLVDODSSURDFKGLVFXVVHGLQWKLVFKDSWHU
 7+(+$5%2857811(/352-(&76
7ZR DOWHUQDWLYH DOLJQPHQWV RI WKH +DUERXU 7XQQHO SURMHFW DUH LQYHVWLJDWHG KHUH 7KH
DOWHUQDWLYHVGRQRWFRQFHUQWKHWXQQHOLWVHOIEXWWKHGLIIHUHQWFRQQHFWLRQVSRVVLEOHRQWKH
$PDJHUVLGH7KHFRPPRQIHDWXUHVRIWKHSURMHFWDOWHUQDWLYHVDUH
• $FRQQHFWLRQLVPDGHIURPWKHPRWRUZD\/\QJE\YHMWKURXJKDWXQQHOWR*LWWHUYHM
• )URP*LWWHUYHM WKH FRQQHFWLRQ FRQWLQXHV WKURXJK WKH+DUERXU7XQQHO WR$P
DJHU
7KHFRQQHFWLRQVRIWKHWXQQHOWRWKHH[LVWLQJURDGQHWZRUNRQWKH$PDJHUVLGHDUHVHH
)LJXUH
 7KH+DUERXU7XQQHOURDGFRQWLQXHVGRZQ$PDJHU6WUDQGYHM$PDJHU6WUDQGYHMFRQQHFWV
WR&RSHQKDJHQ$LUSRUWDQGWKHUHVXQG%ULGJH$PDJHU6WUDQGYHMSURMHFWDOWHUQDWLYHVF
DQGG
 7KH +DUERXU 7XQQHO URDG WXUQV ULJKW GRZQ .O¡YHUPDUNVYHM DQG FRQWLQXHV DORQJ
/RVVHSODGVYHMDQGFRQQHFWVWRWKHPRWRUZD\(ZKLFKZLOOIRUPDULQJURDGDURXQG&R
SHQKDJHQ$PDJHUVWUDQGYHMZLOOEH WUDIILFFDOPHG 5LQJ URDGSURMHFWDOWHUQDWLYHVDDQG
E
7KHUHDUHRWKHUSRVVLEOHVROXWLRQVEXWWKH\KDYHQRWEHHQLQYHVWLJDWHGKHUH
)LJXUH 7KH+DUERXU7XQQHOFRQQHFWLRQWRWKH/\QJE\YHM0RWRUZD\LQWKHQRUWKRQWKH6HDODQGVLGHDQG
WKHSRVVLEOHVROXWLRQVRQWKH$PDJHUVLGH1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
7KHWUDIILFPRGHO UXQVZHUHXVHGIRU WKHVFUHHQLQJRIXQIHDVLEOHSURMHFWV)XUWKHUPRUH
QRWDOOWKHIHDVLEOHSURMHFWVZHUHPRGHOOHGIRUDOO\HDUVDVUHTXLUHGIRUD6($0DSSUDLVDO
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
(DFKRIWKHWZRPDLQWXQQHOSURMHFWDOWHUQDWLYHVLQYHVWLJDWHGKDYHEHHQFRPELQHGZLWKD
WUDIILFFDOPLQJVFKHPHLQWKHPHGLHYDOFLW\FHQWUHDVVXJJHVWHGE\WKHFLW\RI&RSHQKDJHQ
DQGWKH0LQLVWU\RI7UDQVSRUWVHHVHFWLRQ7KHTXDOLWLHVRI WKHSURMHFWV LQTXHVWLRQ
DUHOLVWHGEHORZ
7DEOH 7KHSURMHFWDOWHUQDWLYHVLQFOXGHGLQWKLVVWXG\ZLWKVFKHPDWLFGHVFULSWLRQRIWKHPHDVXUHV
352-(&7 7811(/ &,7<&(175( /266(3/$'69(- $0$*(5
675$1'9(-
./9(50$5.69(-
'RPLQLPXP
D  ODQHVNPK ODQHVNPK ODQHVNPK
E  7UDIILFFDOPLQJDQG
UHGXFLQJPHDVXUHV
ODQHVNPK ODQHVNPK ODQHVNPK
$PDJHUVWUDQGYHM
F ODQHV
NPK
  8SJUDGHGWRODQHV
NPK
8SJUDGHGWR
ODQHVNPK
G ODQHV
NPK
7UDIILFFDOPLQJDQG
UHGXFLQJPHDVXUHV
 8SJUDGHGWRODQHV
NPK
8SJUDGHGWR
ODQHVNPK
5LQJURDG
D ODQHV
NPK
 8SJUDGHGWR
ODQHVNPK
6SHHGUHGXFLQJ
PHDVXUHVNPK
8SJUDGHGWR
ODQHVNPK
E ODQHV
NPK
7UDIILFFDOPLQJDQG
UHGXFLQJPHDVXUHV
8SJUDGHGWR
ODQHVNPK
6SHHGUHGXFLQJ
PHDVXUHVNPK
8SJUDGHGWR
ODQHVNPK
,QRUGHUWRDVVHVVWKHSURMHFWDOWHUQDWLYHVLQYROYLQJWUDIILFFDOPLQJLQFHQWUDO&RSHQKDJHQ
LW KDV EHHQQHFHVVDU\ WR JHQHUDWH DQ DGGLWLRQDO GRPLQLPXPSURMHFW DOWHUQDWLYH IRU WKLV
VWXG\7KLVGRPLQLPXPKDVEHHQGHQRWHGEDQGLVVLPLODUWRWKHEDVHGRPLQLPXPD
H[FHSW IRU WKH LQFOXVLRQ RI WKH WUDIILF FDOPLQJ RI &RSHQKDJHQ &RQVHTXHQWO\ E LV D
VLPSOHUHGLVWULEXWLRQRIWKHWUDIILFIORZVZLWKRXWDUHDVVHVVPHQWRI WKHPRGDOVSOLW7KLV
LQYROYHVDVOLJKWRYHUHVWLPDWLRQRIWKHWUDYHOOHUEHQHILWVIRUWKHSURMHFWGDQGE
 7+(&$/&8/$7,21<($56
7KH WUDIILF IORZV KDYH EHHQ DVVHVVHG IRU IRXU GLIIHUHQW \HDUV IRU HDFK RI WKH SURMHFW
DOWHUQDWLYHV7KHFDOFXODWLRQ\HDUVDUHDORQJZLWKWZR\HDUVGHQRWHG[[DQG
S[[[RULJLQDWHVIURPWKH270PRGHODQGFRQFHUQV WKH\HDUZKHQWKHUHVWDG LV
IXOO\ GHYHORSHG 7KLV LV H[SHFWHG DURXQG WKH \HDU  S[ RQ WKH RWKHU KDQG LV D
PD[LPXPVLWXDWLRQGHYHORSHG VSHFLILFDOO\ IRU WKLV WUDIILF VWXG\ 1LHOVHQ 2$1LHOVHQ
(5,VUDHOVHQ7,QWKLVPD[LPXPWUDIILFVFHQDULRERWKWKHUHVWDGDVZHOODVWKH
+ROPHQDUHDLVIXOO\GHYHORSHGZLWKRXWDQ\UHGXFWLRQVLQDFWLYLW\HOVHZKHUHLQWKHUHJLRQ
)RU WKH VDNH RI WKH HYDOXDWLRQ WKH FDOFXODWLRQ \HDU [[ KDV EHHQ VHW DW  DQG WKH
FDOFXODWLRQ\HDUS[DW
7KH LQIOXHQWLDO FKDQJHV LQ WUDQVSRUW VXSSO\ H[SHFWHG ZLWKLQ WKH SODQQLQJ SHULRG LQ WKH
*UHDWHU&RSHQKDJHQ5HJLRQFRPSDUHGWRVLWXDWLRQDUH
3DJH 3DUW,,
&ODXV5HKIHOG
7DEOH &KDQJHV LQ ODQGXVHDQG LQIUDVWUXFWXUH IRUDOOSURMHFW DOWHUQDWLYHV IRU HDFKPRGHOOLQJ \HDU &DUO
%UR	1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
<($5 &+$1*(
 • &RQVWUXFWLRQ RI WKH OLJKW UDLO WR WKHUHVWDG IURP1¡UUHSRUW 6WDWLRQ SKDVH  DQG WKH
H[WHQVLRQIURP1¡UUHSRUW6WDWLRQWR)UHGHULNVEHUJ6WDWLRQSKDVH
• 7KHXSJUDGLQJWRGRXEOHWUDFNRQWKHVLQJOHWUDFNVKDUHRIWKH6WUDLQOLQHWR)UHGHULNVVXQG
• 7KHZLGHQLQJRIWKH+HOVLQRUH0RWRUZD\IURP/\QJE\WR9HGE NIURPWRODQHV
• 7KHUHVWDGZLOOEHSDUWO\FRPSOHWHGZLWKRXWDQ\UHGXFWLRQLQWKHQXPEHURIHPSOR\HGRU
SRSXODWLRQLQDQ\RWKHUSDUWVRI&RSHQKDJHQIRUWKLVSURJQRVLV\HDU
• 2SHQLQJRIWKHUHVXQG%ULGJH
[[ • ([WHQVLRQRIWKHUHVWDGOLJKWUDLOIURP)UHGHLNVEHUJ6WDWLRQWR9DQO¡VH6WDWLRQ
• &RPSOHWLRQ RI WKH UHVWDG ZLWKRXW DQ\ UHGXFWLRQ LQ WKH QXPEHU RI HPSOR\HG RU
SRSXODWLRQLQDQ\RWKHUSDUWVRI&RSHQKDJHQIRUWKLVSURJQRVLV\HDU
S[ • &RPSOHWHGHYHORSPHQWRI+ROPHQ5HIVKDOH,VODQGZLWKRXWDQ\UHGXFWLRQ LQWKHQXPEHU
RIHPSOR\HGRUSRSXODWLRQLQDQ\RWKHUSDUWVRI&RSHQKDJHQIRUWKLVSURJQRVLV\HDU
7KH LQFOXVLRQ RI WKH PD[LPXP VLWXDWLRQ LPSOLHV D PD[LPXP HVWLPDWLRQ RQ WKH IXWXUH
EHQHILWV
 7+(352-(&7&267
7KH SURMHFW FRVWV KDYH QRW EHHQ DVVHVVHG LQ WKLV VWXG\ EXW DUH EDVHG RQ WKH URXJK
HVWLPDWHVSURYLGHGE\WKH'DQLVK0LQLVWU\RI7UDQVSRUW7UDILNPLQLVWHULHWDQGWKH
'DQLVK5RDG'LUHFWRUDWH9'7KHSURMHFWFRVWVKDYHEHHQDVVHVVHGDW
7DEOH 5RXJK FRVW HVWLPDWHV LQ ELOOLRQ'.U  E\ WKH0LQLVWU\ RI WUDQVSRUW DQG WKH'DQLVK5RDG
'LUHFWRUDWH9'7UDILNPLQLVWHULHW	9'
35,&(6 $0$*(5675$1'9(- 5,1*52$'
&267(/(0(17
>%,//,21'.5@
& ' $ %
7XQQHO    
5RDGVRQ6HDODQG    
5RDGVRQ$PDJHU    
8QIRUHVHHQFRVWV    
7UDIILFFDOPLQJ    
727$/&267    
7KHPDLQWHQDQFHFRVWDVVRFLDWHGZLWKWKHWXQQHOZDVLQHDUOLHUUHSRUWVHVWLPDWHGWR
EHEHWZHHQDQGPLOOLRQ'.USHU\HDU7UDQVSRUWUnGHW7KHFRVWVDVVRFLDWHG
ZLWKWKHWUDIILFFDOPLQJPHDVXUHVLQFHQWUDO&RSHQKDJHQDUHVHWDWPLOOLRQ'.U7KH
FRQVWUXFWLRQDQGSODQQLQJFRVWVXVHGLQWKLVVWXG\DUHSULFHV
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
• 'HVLJQFRVWPLOOLRQ'.U
• 0DLQWHQDQFHFRVWRIWKHWXQQHOPLOOLRQ'.USHU\HDU
7KHWXQQHOLVDVVXPHGWRRSHQLQWKH\HDU7KHSODQQLQJFRVWKDVDFFRUGLQJO\EHHQ
GLVWULEXWHG DFURVV WKH \HDUV  DQG  ZKHUHDV WKH FRQVWUXFWLRQ FRVWV KDYH EHHQ
GLVWULEXWHGDFURVVWKH\HDUVDQG7KHFRVWDVVRFLDWHGZLWKWKHPDLQWHQDQFHRI
WKH QHZ URDG LV FRQVLGHUHG D GLVEHQHILW DQG QRW D FRVW 7KLV VKDUH RI WKH LQFUHDVHG
PDLQWHQDQFHFRVWVLVFDOFXODWHGXVLQJWKHRSHUDWLQJDQGPDLQWHQDQFHFRVWPRGHO20&
 02'(//,1*35(&21',7,216
)RU DQ DSSURSULDWH DVVHVVPHQW RI FRVWV DQG EHQHILWV WKH IROORZLQJ HOHPHQWV KDYH EHHQ
XVHGDVSUHFRQGLWLRQV
7DEOH 0RGHOOLQJSUHFRQGLWLRQVIRUWKHHYDOXDWLRQ
9$5,$%/( 9$/8(
'LVFRXQWUDWH 
3URMHFWOLIHWLPH \HDUV
2SHQLQJ\HDU 
'LVFRXQW\HDU 
3ULFHOHYHO 
'LVFUHWHFDOFXODWLRQ\HDUV 
,QWHUPHGLDWH\HDUV 1RQH
,QWHUSRODWLRQPHWKRG /LQHDU
3URORQJDWLRQDIWHUODVWPRGHOOLQJ\HDU /LQHDUFRQWLQXDWLRQRIWHQGHQF\
7KH(81(7WUDQVSRUWHYDOXDWLRQIUDPHZRUNVKDYHEHHQXVHG IRU WKHGHWHUPLQDWLRQRI
LPSDFWVVHHDSSHQGL[$RU/HOHXUHWDO7KHVFHQDULRSDLQWLQJRIPRGHOGHYHORS
PHQW YDULDEOHV XQLW SULFHV DQG ZHLJKWV LV GHVFULEHG LQ FKDSWHU  7KH PRGHOOLQJ DS
SURDFKHVIRUWKHLPSDFWPRGHOVDUHGHVFULEHGLQDSSHQGL[%7KHHYDOXDWLRQFULWHULDXVHG
DUH WKHQHW SUHVHQW YDOXH DQG WKHEHQHILWFRVW UDWLR7KH VKDGRZSULFHV KDYH EHHQ HVWL
PDWHGXVLQJWKH:$53PHWKRG/HOHXU6
 02'(//,1*7+(+$5%2857811(/75$)),&
7KLV VHFWLRQSUHVHQWV WKHPDLQ ILQGLQJVRI D WUDIILF VWXG\ FRPPLVVLRQHG E\ WKH'DQLVK
7UDQVSRUW&RXQFLO7KHDLPRIWKLVWUDIILFVWXG\ZDVWRSURYLGHGHFLVLRQPDNHUVZLWKDQ
LQGHSHQGHQW DQDO\VLV RI WKH H[SHFWHG WUDIILF IORZV 7KH UHVXOWV RI WKLV VWXG\ KDYH EHHQ
XVHGDV LQSXWWRWKH6($0LPSDFWDVVHVVPHQWDQGHYDOXDWLRQ7KHPDLQILQGLQJVRI WKH
WUDIILFVWXG\DUHSUHVHQWHGLQ7UDQVSRUWUnGHWDQGGHWDLOVRQWKHPRGHOOLQJSUHPLVHV
DUHIRXQGLQ1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
 7+(75$)),&02'(/6(783
7KHUHDUHSUHVHQWO\WZRPDLQWUDIILFPRGHOVIRU&RSHQKDJHQ2QHLVWKH*UHDWHU&RSHQ
KDJHQ 5HJLRQV 7UDIILF 0RGHO +70 PDLQWDLQHG E\ RIILFLDO ERGLHV LQ WKH UHJLRQ 7KH
3DJH 3DUW,,
&ODXV5HKIHOG
XUEDQ GHYHORSPHQW FRQVRUWLXP LQ FKDUJH RI WKHUHVWDG RZQV WKH RWKHU WUDIILFPRGHO
270270LVDUHILQHGYHUVLRQRI+70LQWKHFRUULGRUVXUURXQGLQJWKHOLJKWUDLO OLQN
EHWZHHQ WKH UHVWDG DQG 9DQO¡VH VHH )LJXUH  7KH 270 2'PDWULFHV DUH IRU
ZHHNGD\WUDIILFHVWLPDWHVWUDIILFIORZVIRUDQDYHUDJHZHHNGD\²0RQGD\WR)ULGD\DQG
WKHVHPDWULFHVKDYHEHHQXVHGIRULPSDFWWKHDQDO\VHVFDUULHGRXW7KDW270LVDZHHNGD\
WUDIILFPRGHO DQGQRW D DQQXDO DYHUDJHGDLO\ WUDIILFPRGHO VWHPV IURP WKH IDFW WKDW WKLV
PRGHOZDVGHYHORSHGIRUWKHDVVHVVPHQWRIWKHVHUYLFHUHTXLUHPHQWVRIWKHOLJKWUDLO)RU
WKHVDPHUHDVRQWKHUH LVQRVSHFLILFJRRGVPRGHO LQFOXGHG*RRGV WUDQVSRUW LV LQFOXGHG
WKURXJKDSDVVHQJHUFDUHTXLYDOHQW
&RPSDULVRQVZHUHPDGHEHWZHHQWKHZHHNGD\ WUDIILF IORZVDQGWUDIILF IORZV IURPD UH
HVWLPDWHG2'PDWUL[ IRU DQQXDO DYHUDJH GDLO\ WUDIILF 7KH FRPSDULVRQ VKRZHG WKDW WKH
WRWDO IORZ DFURVV WKH KDUERXU VFUHHQ OLQH ZDV YLUWXDOO\ WKH VDPH IRU WKH WZR PDWULFHV
7KHUHZHUHKRZHYHUVRPHQRWDEOHGLIIHUHQFHV1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7

• 7KHIORZZDVORZHULQWKHWXQQHOXVLQJWKHUHHVWLPDWHGPDWUL[WKDQWKH270PDWUL[
ZKLFKPD\EHGXHWRWKHVOLJKWO\VKRUWHUWULSGLVWDQFHVIRXQGLQWKHUHHVWLPDWHGPDWUL[
• 7KHUHDUHUHODWLYHO\ ODUJHGLIIHUHQFHVEHWZHHQ OLQN IORZVFORVH WR WKH VFUHHQ OLQH
RQERWKVLGHVRIWKHKDUERXU
7KHFKDQJHVLQWKHIORZVDFURVVWKHKDUERXUVFUHHQOLQHIRUERWKWKHSURMHFWDOWHUQDWLYHV
ZHUHVLPLODUUHJDUGOHVVRIWKHIDFWWKDWWKHQXPEHURIWULSV LQWKHGDLO\WUDIILFPDWULFHV LV
KLJKHUWKDQWKDWRIWKHDQQXDODYHUDJHGDLO\WUDIILFPDWULFHV7KHFRQVHTXHQFHRIWKHXVH
RIZHHNGD\WUDIILFIORZVLVDVOLJKWRYHUDVVHVVPHQWRIWKHLPSDFWVIRUDOOSURMHFWDOWHUQD
WLYHVDVPRVWPRGHOVUHODWHWRWKHDQQXDODYHUDJHGDLO\WUDIILFDQGQRWWKHZHHNGD\WUDIILF
7KH270PRGHOLVDPXOWLPRGDOWUDIILFPRGHO7KHHVWLPDWHVRIWULSJHQHUDWLRQLQ270
DUH EDVHG RQ VRFLRHFRQRPLF YDULDEOHV VXFK DV WKH SRSXODWLRQ DQG VHYHUDO HPSOR\PHQW
YDULDEOHV(PSOR\HGQXPEHURIMREVE\EUDQFKHWF)LFKHWDO7KHWULSSURGXF
WLRQ LVQRW D IXQFWLRQRI WKHJHQHUDOLVHG WUDYHO FRVW DQGFRQVHTXHQWO\ WKHPRGHO FDQQRW
PDNH HVWLPDWHV RI LQGXFHG WUDIILF 3HUVRQ WULS PDWULFHV KDYH EHHQ HVWLPDWHG E\ WULS
SXUSRVH ZRUN VWXGHQWV DQG RWKHU SXUSRVHV DQG PRGH FDU ELF\FOH ZDON DQG SXEOLF
WUDQVSRUW7KH VSHFLILFPHQWLRQLQJRI VWXGHQW WULSV UHODWHV WR WKH IDFW WKDW VRPHRI WKH
IDFXOWLHVRIWKH8QLYHUVLW\RI&RSHQKDJHQDUHORFDWHGLQWKHUHVWDGLQWKHYLFLQLW\RIWKH
PLQLPHWUROLQH
 75$)),&&$/0,1*0($685(6,1&23(1+$*(1&,7<&(175(
7KHFLW\RI&RSHQKDJHQDQGWKH0LQLVWU\RI7UDQVSRUWVXJJHVWHGDWXQQHOFRPELQHGZLWK
WUDIILF UHGXFLQJ DQG FDOPLQJPHDVXUHV LQ WKHPHGLHYDO FLW\ FHQWUH RI &RSHQKDJHQ 7KH
WUDIILFFDOPLQJPHDVXUHVVXJJHVWHGE\WKHFLW\RI&RSHQKDJHQLQYROYHDGLYLVLRQRIWKHFLW\
FHQWUHLQWRIRXU]RQHV&URVVLQJIURPRQH]RQHWRWKHQH[WLVVXJJHVWHGKDPSHUHGE\WKH
WUDIILF FDOPLQJPHDVXUHV .¡EHQKDYQV.RPPXQH D 7KHPRGHOOLQJ RI WKH WUDIILF
FDOPLQJZDVREWDLQHGZLWKIRXUPHDVXUHV
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
• 5RDGVFORVXUHV
• &DSDFLW\UHGXFWLRQV
• &RQYHUVLRQVRIWZRZD\VWUHHWVLQWRRQHZD\VWUHHWV
• &RPSOLFDWLQJWKRURXJKIDUHE\FRPELQLQJPHDVXUHVZLWKRXWUHGXFLQJFDSDFLW\RU
FORVLQJURDGVHJE\WXUQLQJWKHGLUHFWLRQRIRQHZD\VWUHHWV
7KHFKDQJHVDUHVHHQEHORZ
)LJXUH 7UDIILFFDOPLQJPHDVXUHVLQFHQWUDO&RSHQKDJHQDVDSSOLHGLQWKHWUDIILFDQDO\VHV1LHOVHQ2$
1LHOVHQ(5,VUDHOVHQ7
One-way or reduced capacity
Closed for car traffic
 7+(+$5%2857811(/75$)),&$1$/<6,6
7KH PDLQ UHVXOW RI WKH WUDIILF DQDO\VHV ZDV WKDW WKH +DUERXU 7XQQHO VHHP PDLQO\ WR
UHORFDWHWKHDOUHDG\H[LVWLQJURDGWUDIILF1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
7KHWXQQHOZDVIRXQGWRKDYHDOLPLWHGLQIOXHQFHRQWKHPRGDOVSOLWDQGDVNHWFKDVVHVV
PHQWLQGLFDWHGWKDWWKHLQGXFHGWUDIILFZRXOGEHOLPLWHG7KHPRGHODOVRLQGLFDWHGWKDWWKH
WUDIILFLQWKHWXQQHOZRXOGEHUHODWLYHO\ORFDO7KHXVHUVVHHPHGWRRULJLQDWHPDLQO\IURP
WKH UHVLGHQWLDO DUHDV LQ DQ HDVWHUQ FRUULGRU RQ 6HDODQG VWHUEUR*HQWRIWH DQG WKH
QRUWKHUQSDUWRI$PDJHU7KHWUDIILFLQWKHFLW\FHQWUHZLOOGHFOLQHDVDSDUWRIWKHWUDIILF
IURP WKH DIRUHPHQWLRQHG DUHDVZLOO VHOHFW WKH WXQQHO 7KH ILQGLQJVZLOO EH SUHVHQWHG LQ
PRUHGHWDLOEHORZ
 7+(+$5%2856&5((1/,1(
7KH WUDIILF IORZ WKURXJK WKH WXQQHO LQ WKH IRXU SURMHFW DOWHUQDWLYHV IRU D VHOHFWLRQ RI
FDOFXODWLRQ\HDUVLVVKRZQLQDSSHQGL[&
7KHFHQWUDOEULGJHV.QLSSHOVEURDQG/DQJHEURH[SHULHQFHVXEVWDQWLDOUHGXFWLRQVLQWUDIILF
IORZV IRU DOO SURMHFWV DQG LQ DOO FDOFXODWLRQ \HDUV FRPSDUHG WR WKH GRPLQLPXP 1RW
VXUSULVLQJO\ .QLSSHOVEUR WKH FORVHVW EULGJH WR WKH +DUERXU 7XQQHO H[SHULHQFHV WKH
ELJJHVW UHGXFWLRQV'HSHQGLQJRQ WKH DOWHUQDWLYHXS WRRI WKH WUDIILF LQ WKH WXQQHO
VWHPV IURP/DQJHEURZKHUHDV.QLSSHOVEUR VWDQGV IRU DW OHDVW 7KH WUDIILF RQ WKH
RWKHU WZR EULGJHV .DOYHERG EULGJH DQG 6M OODQGVEURHQ LV LQIOXHQFHG RQO\ WR D PLQRU
3DJH 3DUW,,
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H[WHQW DV WKH\ VHUYLFH WUDIILF ZLWK RULJLQV DQG GHVWLQDWLRQV WKDW ZLOO H[SHULHQFH RQO\ D
OLPLWHGJDLQIURPD+DUERXU7XQQHO
,WDSSHDUVWKDWPRVWRIWKHWULSVDFURVVWKH+DUERXU7XQQHOZLOOEHUHODWLYHO\ORFDODQGRI
VKRUW GXUDWLRQ &RQVHTXHQWO\ WKH DGGLWLRQDO HIIHFW RI WKH WUDIILF FDOPLQJ VHHPV WR EH
PRGHUDWH$QDGGLWLRQDOUHGXFWLRQLVREWDLQHGIRUWKH5LQJURDGDDOWHUQDWLYHFRPSDUHG
WR WKH $PDJHU 6WUDQGYHM DOWHUQDWLYH F 7KLV DGGLWLRQDO UHGXFWLRQ VWHPV IURP ORFDO
WUDQVIHUVDQGQRWIURPDEHWWHUXWLOLVDWLRQRIWKH+DUERXU7XQQHO,QJHQHUDOWKHUHVHHPV
WREHOLWWOHFRQQHFWLRQEHWZHHQWKHWUDIILFLQWKH7XQQHODQGWKHWUDIILFRQ/RVVHSODGVYHM
DSSUR[LPDWHO\RIWKHWUDIILFFRLQFLGHV7KH5LQJURDGDOWHUQDWLYHDLQYROYHULSSOH
HIIHFWV RQ WKH WUDIILF IORZV RQ $PDJHU WRZDUGV WKH 5LQJ URDG DQG JHQHUDOO\ VHHPV WR
UHGXFHWUDIILFSUHVVXUHLQWKHZHVWHUQSDUWRI$PDJHUDQGWREHQHXWUDOZLWKUHVSHFWWRWKH
HDVWHUQSDUW
,QWKH$PDJHU6WUDQGYHMDOWHUQDWLYHFWKHWUDIILFVHHPVWRLQFUHDVHTXLWHVXEVWDQWLDOO\RQ
$PDJHU6WUDQGYHMLWVHOIZKLOHDWWKHVDPHWLPHDOOHYLDWLQJVRPHRIWKHIORZRQWKHFHQWUDO
DUHDV RI $PDJHU VOLJKWO\ 7KH WUDIILF PLWLJDWHV WRZDUGV WKH XSJUDGHG URDG ,W KDV EHHQ
IRXQGWKDWRQO\OLPLWHGDPRXQWVRIWKHWXQQHOWUDIILFZLOORULJLQDWHHLWKHUIURP&RSHQKD
JHQ$LUSRUWRUIURPWKHUHVXQG%ULGJHGXHWRWKHIDFWWKDWWKHPDLQWUDIILFWRDQGIURP
WKHVHGHVWLQDWLRQVZLOOFKRRVHWKHVRXWKHUQPRWRUZD\(7KLVILQGLQJXQGHUOLQHVWKDW
WKHWULSVWKDWJRWKURXJKWKHWXQQHOZLOOEHORFDODQGRIVKRUWGXUDWLRQ
7KHWUDIILFLQFHQWUDO&RSHQKDJHQLVUHODWLYHO\LQGHSHQGHQWRIZKLFKDOLJQPHQWLVFKRVHQ
RQ $PDJHU 7KH WUDIILF FDOPLQJ VFKHPH ZDV IRXQG WR RQO\ UHGXFH WKH WUDIILF IORZ LQ
FHQWUDO&RSHQKDJHQE\DQDGGLWLRQDO7KHUHLVKRZHYHUTXLWHVRPHUHGLVWULEXWLRQRI
WUDIILF1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
 02'$/63/,7
7KHUHVXOWVVHHPWRLPSO\WKDWD+DUERXU7XQQHOZLOOKDYHDUHODWLYHO\ORZLPSDFWRQWKH
PRGDOVSOLWEHWZHHQFDUVDQGSXEOLFWUDQVSRUW LQ WKHUHJLRQ ,Q WKHDQDO\VLVDQ LPSURYH
PHQW ZLWK UHVSHFW WR WKH SXEOLF WUDQVSRUW ZDV IRXQG IRU +ROPHQ &RQVHTXHQWO\ WKH
UHDVRQ IRU WKH PLQRU LPSDFW RQ WKH PRGDO VSOLW PD\ EH H[SODLQHG E\ WKH SUHYLRXVO\
UHODWLYHO\SRRUSXEOLFWUDQVSRUWVHUYLFHEHWZHHQWKHQRUWKHUQSDUWRI$PDJHUDQG+ROPHQ
DQGVWHUEUR*HQWRIWH )RU WKHVH ]RQH SDLUV WKH QXPEHU RI WULSV E\ SXEOLF WUDQVSRUW
LQFUHDVHTXLWH VXEVWDQWLDOO\ ,WZDVHVWLPDWHG WKDW DQDGGLWLRQDO  WULSV SHU GD\ZLOO EH
PDGHE\FDU LQVWHDGRIE\SXEOLF WUDQVSRUW IRU WKH&RSHQKDJHQ UHJLRQZKLFK LV D UHOD
WLYHO\VPDOOFKDQJH1LHOVHQ2$1LHOVHQ(5,VUDHOVHQ7
 ,03$&7$66(660(172)7+(+$5%2857811(/
7KLV VHFWLRQZLOO LOOXVWUDWH UHVXOWV EDVHG RQ D 6($0 LPSDFW DVVHVVPHQW DQG HYDOXDWLRQ
7KHWUDIILFIORZVZKLFKIRUPWKHEDVLVIRUWKHVHUHVXOWVKDYHEHHQSUHVHQWHGDERYH7KH
VHFWLRQFRPSULVHVWZRPDLQSDUWV7KHILUVWSDUWZLOOSUHVHQWWKHJHQHUDOILQGLQJVWKDWZLOO
SURYLGHDQRYHUYLHZRI WKHUHVXOWV WKHVHFRQGSDUWFRQFHUQV WKHGHWDLOV IRU HDFKRI WKH
IRXUSURMHFWDOWHUQDWLYHV
 $66(660(172)12102'(//(',03$&76
$QXPEHURILPSDFWVKDYHEHHQDVVHVVHGSXUHO\E\ZD\RIDMXGJPHQWDOVFRUH7KLVLVWKH
FDVH IRU WKH VHYHUDQFH 6(9 VWUDWHJLF PRELOLW\ 02% 3ULYDWH ILQDQFLDO DWWUDFWLYHQHVV
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
3)$DQGRWKHUSODQQLQJDQGSROLF\LVVXHV27+VHHDSSHQGL[$7KHVHLPSDFWVKDYH
DOOEHHQDVVHVVHGRQDSRLQWVFDOHUDQJLQJIURP²WRIRUHDFKRI WKHFDOFXODWLRQ\HDUV
DQGDUHFRPPRQIRUDOOVFHQDULRV7KHLQIOXHQFHWKHVHLPSDFWVZLOOKDYHRQWKHHYDOXDWLRQ
LVJRYHUQHGE\WKHZHLJKWSURILOHVGHYHORSHGLQFKDSWHU
7DEOH 7KHMXGJPHQWDOVFRUHVDSSOLHGWRWKHSURMHFWDOWHUQDWLYHVZLWKRXWWUDIILFFDOPLQJ7KH5LQJURDG
DOWHUQDWLYHDZHLJKWVDUHVKRZQLQEUDFNHWVLIWKH\GLIIHUIURPWKH$PDJHU6WUDQGYHMDOWHUQDWLYH
F
&$ 6(9(5$1&(
6(9
35,9$7(),1$1&,$/
$775$&7,9(1(66
3)$
27+(5675$7(*,&
3/$11,1*$1'32/,&<
,668(627+
675$7(*,&
02%,/,7<02%
    
    
    
    
7KH JHQHUDO VFRUHV RQ VHYHUDQFH DUHPRGHUDWH VLQFH WKH UHGXFWLRQ RI WUDIILF LQ WKH FLW\
FHQWUHIROORZLQJWKHWXQQHORQO\DPRXQWHGWRDUHGXFWLRQ7KHVFRUHVLPSURYHRYHU
WLPHDVWKHWUDIILFIORZLQFUHDVHV7KHSULYDWHILQDQFLDODWWUDFWLYHQHVV LVUHDVRQDEOHDVWKH
UHDO HVWDWH FRPSDQ\ RI 5HIVKDOH ,VODQG PD\ ZLVK WR SDUWLFLSDWH +RZHYHU WKH SULYDWH
ILQDQFLDODWWUDFWLYHQHVVLPSURYHVIRUWKH5LQJURDGDOWHUQDWLYHDVWKH&RSHQKDJHQ+DUERXU
KDVDQDGGLWLRQDOLQWHUHVWLQWKLVSURMHFW7KHVWUDWHJLFPRELOLW\LPSURYHVRYHUWLPHDQGLV
DJDLQUHODWLYHO\EHWWHUIRUWKH5LQJURDGDOWHUQDWLYHD
7DEOH 7KH MXGJPHQWDO VFRUHV DSSOLHG WR WKH SURMHFW DOWHUQDWLYHV ZLWK WUDIILF FDOPLQJ 7KH 5LQJ URDG
DOWHUQDWLYHEVFRUHVDUHVKRZQLQEUDFNHWVLIWKH\GLIIHUIURPWKH$PDJHU6WUDQGYHMDOWHUQDWLYH
G
'% 6(9(5$1&(
6(9
35,9$7(),1$1&,$/
$775$&7,9(1(66
3)$
27+(5675$7(*,&
3/$11,1*$1'32/,&<
,668(627+
675$7(*,&
02%,/,7<02%
    
    
    
    
7KHSURMHFW DOWHUQDWLYHV DUH FRPSDUHG WR WKH GRPLQLPXPZLWKRXW WKH WXQQHO EXWZLWK
WUDIILF FDOPLQJ7KHSURMHFW DOWHUQDWLYHV KDYHKDUGO\ DQ\ LQIOXHQFH RQ WKH VHYHUDQFH$V
KRZHYHUWKHWUDYHOUHVLVWDQFHLVJUHDWHUWKDQEHIRUHWKHUHPD\EHDQDGGLWLRQDOSRVVLELOLW\
RIDWROOEDVHGWXQQHO&RQVHTXHQWO\WKHSULYDWHILQDQFLDODWWUDFWLYHQHVV3)$LVLQFUHDVHG
FRPSDUHGWREHIRUHLQUHJDUGWRWKHVHWZRDOWHUQDWLYHV7KHVHWZRWXQQHODOWHUQDWLYHVG
	EDOVRFRPSO\ZLWK WKHVXJJHVWLRQVIURPWKH0LQLVWU\RI7UDQVSRUWDQGWKH&LW\RI
&RSHQKDJHQ+HQFHDKLJKHUVFRUHRQWKHRWKHUSODQQLQJDQGSROLF\ LVVXHV 27+WKDQ
ZDVWKHFDVHIRUWKHSURMHFWDOWHUQDWLYHVFDQGE$OVRWKHPRELOLW\JDLQEHFRPHVJUHDWHU
DVWKHWUDYHOUHVLVWDQFHLQFUHDVHVIROORZLQJWKHWUDIILFFDOPLQJVFKHPH
3DJH 3DUW,,
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 6&(1$5,2%$6('(9$/8$7,21
7KH VFHQDULR SDLQWLQJ RI WKH GHYHORSPHQW YDULDEOHV RI HDFK VFHQDULR ZDV SUHVHQWHG LQ
FKDSWHU,WVKRXOGEHQRWHGWKDWWKHSDLQWLQJIURPWKHVFHQDULRVKDVWDNHQLWVVWDUWLQWKH
 FDOFXODWLRQ DQG QRW IURP WKH SUHVHQW  7KLV ZLOO OHDG WR D VWURQJHU VFHQDULR
LPSDFWRQHDFKSURMHFWDOWHUQDWLYH·HIILFLHQF\DVWKHGLVFRXQWLQJZLOOKDYHDOHVVHULPSDFW
2QWKLVEDVLVWKHIROORZLQJUHVXOWVZHUHREWDLQHG
7DEOH (IILFLHQF\RIWKHSURMHFWDOWHUQDWLYHVPHDVXUHGE\GLIIHUHQWHYDOXDWLRQFULWHULD
$0$*(5675$1'9(- 5,1*52$'
0($685( & ' $ %
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7KHUREXVWQHVVRIHDFKSURMHFWDOWHUQDWLYHPHDVXUHGE\139LVLOOXVWUDWHGEHORZ
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
)LJXUH 6FHQDULRSURMHFWUREXVWQHVVEDVHGWKH139
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$V LW DSSHDUVQRQHRI WKHSURMHFWV VHHPVFRQVLVWHQWO\ WRSURGXFHDSRVLWLYHQHW SUHVHQW
YDOXH7KHPRVWUREXVWSURMHFWVDSSHDUWREHWKH$PDJHU6WUDQGYHMDOWHUQDWLYHVF	G
7KHSURMHFWV LQYROYLQJ WUDIILF FDOPLQJ LQ FHQWUDO&RSHQKDJHQ G	E SHUIRUPEHWWHU
WKDQWKHSURMHFWVZLWKRXWWUDIILFFDOPLQJF	DUHVSHFWLYHO\
)LJXUH 6FHQDULRSURMHFWUREXVWQHVVEDVHGWKH%HQHILW&RVW5DWLR
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7KLVVHHPVWR LQGLFDWH WKDW WKHVHSURMHFWVDOPRVW LQHYLWDEO\ZLOO LPSURYHRYHU WLPH7KH
VDPHPD\ EH VDLG IRU WKH DOWHUQDWLYHV ZLWKRXW WUDIILF FDOPLQJ EXW WKH WHQGHQF\ LV OHVV
VWURQJ7KLVLPSOLHVWKDWLQVRPHQHDUIXWXUHWKHSURMHFWVPD\ZHOOEHFRPHIHDVLEOH7KLV
LV DOVR XQGHUOLQHG E\ WKDW IDFW WKDW WKH UHODWLRQ EHWZHHQ EHQHILWV DQG GLVEHQHILWV LV
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GHFUHDVLQJRYHUWKHSHULRGIURPLQWREHWZHHQLQWKH\HDU7KLV
LVHTXDOO\VHHQIURPWKHEHQHILWVWUHDPDQDO\VLV
)LJXUH %HQHILWVWUHDPIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHFLQWKH,QWLPDWHVFHQDULR,17
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F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,17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7KHSURMHFWVZLWKRXWWUDIILFFDOPLQJVFRUHWKHSRRUHVWLQWKHLQWLPDWHVFHQDULR7KHORFDO
HQYLURQPHQWDOLPSDFWVH[SRVXUHQRLVHVHYHUDQFHDQGVDIHW\LPSDFWVDUHYDOXHGKLJKLQ
WKLVVFHQDULR
)LJXUH %HQHILWVWUHDPIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHFLQWKH0DUNHWRULHQWHGVFHQDULR0.7
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$VDSUHOLPLQDU\FRQFOXVLRQLWVHHPVDVLIWKHPDLQUHDVRQIRUWKHSRRUHIILFLHQF\RIWKH
SURMHFWV VWHPV IURP WKH IDFW WKDW WKHSURMHFW FRVWV DUH TXLWH VXEVWDQWLDO$OO WKH SURMHFW

 7KH DEEUHYLDWLRQV UHIHU WR GLIIHUHQW LPSDFW PRGHOV 12, ² 1RLVH (;3 ² ([SRVXUH */2 ² *OREDO HQYLURQPHQW 6$) ² 6DIHW\ 20& ²
2SHUDWLQJDQGPDLQWHQDQFHFRVW97%²7UDYHOWLPHEHQHILWV99&²9HKLFOHRSHUDWLQJFRVW02%²0RELOLW\27+²2WKHUSODQQLQJDQGSROLF\
LVVXHV3)$²3ULYDWHILQDQFLDODWWUDFWLYHQHVV6(9²6HYHUDQFHDQG,19²,QYHVWPHQWFRVW
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
DOWHUQDWLYHVGRGHYHORSUDWKHUVLJQLILFDQWEHQHILWVEXWWKHVHEHQHILWVDUHVLPSO\WRRVPDOO
FRPSDUHGWRWKHFRQVWUXFWLRQFRVWV
7KH VFHQDULR VHQVLWLYLW\ RI HDFK SURMHFW EDVHG RQ WKH FRPSDULVRQ RI WKH HIILFLHQF\
PHDVXUHVRIWKHVFHQDULRDQGEDVHVFHQDULRLVVHHQLQ)LJXUHEHORZ
)LJXUH $VFHQDULRVHQVLWLYLW\JUDSKRIWKHSURMHFWDOWHUQDWLYHV
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'HYLDWLRQIURP%DVHVFHQDULR
7KHVFHQDULRVHQVLWLYLW\JUDSKUHYHDOV WKDW WKHEHQHILWGLVWULEXWLRQ LVGLIIHUHQWGHSHQGLQJ
RQZKHWKHU WKH WUDIILF FDOPLQJ VFKHPH LV FRPSULVHGRUQRW ,Q WKHFDVHVZLWKRXW WUDIILF
FDOPLQJ F	 D WKH VFHQDULR VFRUHV DUH UHODWLYHO\ HYHQO\ GLVWULEXWHG DURXQG WKH EDVH
VFHQDULRZKHUHDVLQWKHWUDIILFFDOPLQJDOWHUQDWLYHVG	EDOOVFHQDULRVFRUHVDUHKLJKHU
WKDQWKHVFRUHRIWKHEDVHVFHQDULR
,QJHQHUDODOOSURMHFWDOWHUQDWLYHVVFRUHEHVWLQWKHPDUNHWRULHQWHGVFHQDULR0.77KLV
LVDOVRWKHVFHQDULRZLWKWKHKLJKHVWYDOXHRIWLPHDORQJZLWKWKH7HFKQRORJLFDOVFHQDULR
7(& EXWZLWKRXW WKH WHFKQRORJLFDO LQQRYDWLRQ LQIOXHQFLQJ QRLVH DFFLGHQWV DQG HPLV
VLRQV $V LW DSSHDUV WKH HQYLURQPHQWDO EHQHILWV DUH OLPLWHG LQ WKH SURMHFW DOWHUQDWLYHV
ZLWKRXWWUDIILFFDOPLQJ7KLVLVVHHQE\WKHIDFWWKDWWKHVHQVLWLYLW\RIWKHSURMHFWVWRZDUGV
WKH LQWLPDWH VFHQDULR LV OLPLWHG DW WKH VDPH WLPH DV WKH 7HFKQRORJLFDO VFHQDULR 7(&
VFRUHV DOPRVW DV ZHOO DV WKH 0DUNHWRULHQWHG VFHQDULR 0.7 ,I WKH HQYLURQPHQWDO
EHQHILWV ZHUH KLJK WKH 7HFKQRORJLFDO VFHQDULR ZRXOG VFRUH ORZHU DQG WKH ,QWLPDWH
VFHQDULRKLJKHUDQGDFFRUGLQJO\EHPRUHVHQVLWLYH
,Q JHQHUDO WKH WUDYHO WLPH EHQHILWV 77% PDNH XS WKH PDMRULW\ RI DOO EHQHILWV IRU DOO
SURMHFWVUDQJLQJIURPIRUWKH5LQJURDGDOWHUQDWLYHLQWKH0DUNHWRULHQWHGVFHQDULR
WR  IRU WKH $PDJHU 6WUDQGYHM DOWHUQDWLYH ZLWK WUDIILF FDOPLQJ G LQ WKH ,QWLPDWH
VFHQDULRLQ7KHVHEHQHILWVVWHPPDLQO\IURPWKHUHGXFWLRQVLQWKHIORZRQWKHPDLQ
DUWHULDOVDQGWKHVXEVHTXHQWLQFUHDVHLQWUDYHOVSHHG7KHWUDYHOWLPHEHQHILWVPDLQO\VWHP
IURPVPDOOWLPHVDYLQJVWRDORWRIWUDYHOOHUVXQGHUWDNLQJUHODWLYHO\VKRUWWULSVUDWKHUWKDQ
ODUJHVDYLQJVWRWUDYHOOHUVRQORQJHUWULSV)URPDVWXG\RIWKHDYHUDJHWUDYHOVSHHGRQWKH
3DJH 3DUW,,
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PDLQDUWHULDOVRQHILQGVPLQRULQFUHDVHVLQVSHHGV7KHVHVSHHGLQFUHDVHVDUHLQWKHUDQJH
RINPK
)LJXUH 6SHHGFKDQJHVRQWKHPDLQDUWHULDOVLQFHQWUDO&RSHQKDJHQIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYH
F
)RUWKH5LQJURDGDOWHUQDWLYHWKHVSHHGFKDQJHVDUHDVIROORZV
)LJXUH 6SHHGFKDQJHVRQWKHPDLQDUWHULDOVLQFHQWUDO&RSHQKDJHQIRUWKH5LQJURDGDOWHUQDWLYHD
,Q JHQHUDO WKH WUDYHO GLVWDQFHV DUH DOVR JUHDWHUZKLFK LPSOLHV DQ LQFUHDVH LQ WKH YHKLFOH
RSHUDWLQJFRVW92&7KLVLVSUREDEO\TXHVWLRQDEOHDVLWVHHPVWKDWWKHLQFUHDVHLQWUDYHO
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
VSHHG ZRXOG PDNH WKH RSHUDWLQJ FRVWV GHFUHDVH 7KH UDWKHU FUXGH PRGHO XVHG KHUH LV
KRZHYHUQRWFDSDEOHRIWDNLQJWKLVLQWRFRQVLGHUDWLRQ
$QRWKHU FRPPRQ IHDWXUH LV WKH UHGXFWLRQ LQ WKH H[SHFWHG QXPEHU RI FDVXDOWLHV 7KH
QXPEHURIOLQNEDVHGDFFLGHQWVLQFUHDVHEXWWKLVLQFUHDVHLVRXWZHLJKHGE\WKHUHGXFWLRQ
LQWKHH[SHFWHGQXPEHURILQWHUVHFWLRQFDVXDOWLHVGXHWRWKHGLYHUVLRQRIWUDIILF,WKDVDOVR
EHHQIRXQGWKDWWKHORFDODLUSROOXWLRQLVDPLQRUSUREOHPWRWKHVHSURMHFWV7KHEHQHILW
HOHPHQWVDUHOLVWHGEHORZ
)LJXUH 1RLVHOHYHOH[SUHVVHGWKURXJKWKH6%7IURPHDFKURDGOLQNQRUPDOLVHGE\WKHOHQJWKIRUWKH$P
DJHU6WUDQGYHMDOWHUQDWLYHF
7KH OHYHO RI QRLVH LV KRZHYHU VXEVWDQWLDOO\ GLIIHUHQW 7KH$PDJHU 6WUDQGYHM DOWHUQDWLYH
FVFRUHVSRRUO\PDLQO\EHFDXVHRIWKH LQVLJQLILFDQWUHGXFWLRQLQWKHQRLVH LPSDFW7KH
UHGXFWLRQRILQWKHDYHUDJHWUDIILFIORZLQFHQWUDO&RSHQKDJHQLVRXWZHLJKHGE\WKH
LPSDFWRI WKH LQFUHDVH LQ WUDYHO VSHHG7KLVDOVRH[SODLQVZK\ WKH WHFKQRORJLFDO VFHQDULR
VFRUHVVRZHOOIRUF7KLVVFHQDULRSUHVXPHVWKDWWKHQRLVHSUREOHPLVVROYHGRYHUWLPH
E\WHFKQRORJLFDOLQQRYDWLRQ7KH5LQJURDGDOWHUQDWLYHDGRHVQRWH[SHULHQFHTXLWHVXFK
DQ LQFUHDVH LQ WKH QRLVH LPSDFW 7KH PDLQ GLIIHUHQFH EHWZHHQ WKH SURMHFWV ZLWK DQG
ZLWKRXWWUDIILFFDOPLQJLVPDLQO\UHODWHGWRWKHQRLVHLPSDFW
3DJH 3DUW,,
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)LJXUH 7KH FKDQJH LQ WKH QRLVH LPSDFW 6%7 IRU HDFK URDG OLQN QRUPDOLVHG E\ WKH URDG OHQJWK 7KH
$PDJHU6WUDQGYHMDOWHUQDWLYHZLWKWUDIILFFDOPLQJLQFHQWUDO&RSHQKDJHQGFRPSDUHGWRWKHGR
PLQLPXPDVRWKDWWKHILJXUHLVGLUHFWO\FRPSDUDEOHWRWKHFKDQJHVHHQLQ)LJXUH
$Q LQWHUHVWLQJ HIIHFW RI WKH WUDIILF FDOPLQJ LQ FHQWUDO &RSHQKDJHQ LV WKDW LW VHHPV WR
LQFUHDVH WKH DLU SROOXWLRQ H[SRVXUH PDLQO\ RQ $PDJHU ,W VKRXOG EH QRWHG WKDW WKHVH
FKDQJHV VHHP WR EH PDUJLQDO (YHQ LQ WKH ,QWLPDWH VFHQDULR ,17 ZKHUH VXEVWDQWLDO
HPSKDVLVLVSXWRQWKHORFDOSROOXWLRQWKHVRFLDOFRVWRQO\LQFUHDVHVE\DSSUR[LPDWHO\
PLOOLRQ'NU IRU WKH$PDJHU 6WUDQGYHM DOWHUQDWLYH G DQG PLOOLRQ IRU WKH5LQJ URDG
DOWHUQDWLYH E SHU \HDU LQ 7KLV LVPDUJLQDO FRPSDUHG WR WKHQRLVH LPSDFWZKLFK
DPRXQWVWRDURXQGDQGPLOOLRQ'.USHU\HDULQEHQHILWUHVSHFWLYHO\$VFRQFHUQV
WKHDLUSROOXWLRQH[SRVXUH LW LVQRWHZRUWK\WKDWWKHHQHUJ\FRQVXPSWLRQFRUUHODWHGZLWK
WKH HPLVVLRQV RI &2 GHFUHDVHV HYHQ WKRXJK WKH H[SRVXUH WR 12; +& DQG &2
LQFUHDVHV
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQH[SRVXUHIURPIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHF7KHH[SRVXUHLVPHDVXUHG
LQ7RQ3HUVRQVSHU.PSHU\HDU
$QRWKHU JHQHUDO LVVXH FRQFHUQV WKH UHGLVWULEXWLRQ RI YHKLFOHV WRZDUGV WKH ODUJHU URDGV
IROORZLQJ WKH WUDIILF FDOPLQJPHDVXUHV 7KLV DSSHDUV WR EH QHXWUDO ZLWK UHVSHFW WR WKH
RSHUDWLRQ DQGPDLQWHQDQFH FRVW 20& ZKHUHDV WKHPDLQWHQDQFH FRVW LQFUHDVHV VRPH
ZLWKRXWWKHWUDIILFFDOPLQJDERYHPLOOLRQ'.USHU\HDULQ
)LJXUH 7KHFKDQJHLQH[SRVXUHIURPIRUWKH5LQJURDGDOWHUQDWLYHD7KHH[SRVXUHLVPHDVXUHGLQ7RQ
3HUVRQVSHU.PSHU\HDU
3DJH 3DUW,,
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 $66(660(172)7+($0$*(5675$1'9(-$/7(51$7,9(&
7KLVSURMHFWSHUIRUPVRQWKHDYHUDJHHYHQWKRXJKLWLVLQIDFWWKHFKHDSHVWRIWKHDOWHUQD
WLYH VHHSDUDJUDSK7KLV LVPDLQO\GXH WR WKH UHODWLYHO\ VLQJXODU UHOLDQFHRQ WUDYHO
WLPHEHQHILWVZLWKRXWWKHVHEHLQJVXEVWDQWLDOO\ ODUJH)XUWKHUPRUH WKHUH LVDQ LQFUHDVH LQ
WKHQRLVH LPSDFW7KHDOWHUQDWLYH LVHQYLURQPHQWDOO\QHXWUDOZLWKUHVSHFW WRDLUSROOXWLRQ
H[SRVXUH ,W PDLQO\ UHGLVWULEXWHV WKH DLU SROOXWLRQ ,W KDV VRPH SRVLWLYH LPSDFW RQ WKH
DQWLFLSDWHGQXPEHURIDFFLGHQWV7KHSURMHFWVLPSO\JHQHUDWHVWKHZURQJFRPSRVLWLRQRI
EHQHILWVDQGWRRIHZRIWKHP
7KLV H[SODLQV ZK\ WKH SURMHFW VFRUHV ZHOO LQ WKH WHFKQRORJLFDO DQG PDUNHW RULHQWHG
VFHQDULRVZLWKDKLJKZLOOLQJQHVVWRSD\IRUWUDYHOWLPHEHQHILWVDQGSRRUO\LQWKHLQWLPDWH
VFHQDULRZKHUH WKHYDOXHRI WLPHGHFUHDVHVDQGWKHYDOXHRIQRLVH LQFUHDVHV7KH7HFK
QRORJLFDO VFHQDULR VFRUHV EHVW DV WKH HQYLURQPHQWDO SUREOHPV DUH GLPLQLVKLQJ IROORZLQJ
WKHDQWLFLSDWHGWHFKQRORJLFDOLQQRYDWLRQ
 $66(660(17 2) 7+( $0$*(5 675$1'9(- $/7(51$7,9( :,7+ 75$)),&
&$/0,1*'
3URMHFW G LV D YDULDQW RI F LQYROYLQJ WUDIILF FDOPLQJ RI WKH PHGLHYDO FLW\ FHQWUH RI
&RSHQKDJHQ7KHWUDIILFFDOPLQJLQYROYHVDVXIILFLHQWO\ODUJHDPRXQWRIH[WUDEHQHILWVWKDW
WKHSURMHFWLVRQWKHEULQNRIEHFRPLQJDIHDVLEOHLQYHVWPHQW
7KHDLUSROOXWLRQH[SRVXUH LQFUHDVHVVOLJKWO\7KLV LVPDLQO\GXH WR LQFUHDVHV LQH[SRVXUH
RQ WKH $PDJHU VLGH DORQJ $PDJHU 6WUDQGYHM 7KH PDLQ HQYLURQPHQWDO EHQHILW GRHV
KRZHYHUVWHPIURPWKHQRLVHDQGDFFLGHQWUHGXFWLRQV7KHWUDYHOWLPHEHQHILWVDUHODUJHU
DVLQFUHDVHVLQWUDYHOVSHHGFRPSDUHGWRQRWKDYLQJWUDIILFFDOPLQJLQFHQWUDO&RSHQKDJHQ
DUH ODUJHU ,Q D VHQVH WKH WUDIILF FDOPLQJERRVWV WKHEHQHILWVZKHQ WKHGRPLQLPXPKDV
QRWEHHQUHHVWLPDWHGZLWKUHVSHFWWRWKHPRGDOVSOLW
7KHWHFKQRORJLFDOVFHQDULRVFRUHVPRUHSRRUO\LQWKLVFDVHDVWKHQRLVHSUREOHPRYHUWLPH
GLPLQLVKHV GXH WR WHFKQRORJLFDO LQQRYDWLRQ DV VHW IRUZDUG LQ WKH GHVFULSWLRQ 7KH EDVH
VFHQDULR VFRUHVSRRUHVW GXH WR WKHPHGLXPYDOXHRI WUDYHO WLPH DVZHOO DV WKH HQYLURQ
PHQW
7KH PDUNHW RULHQWHG VFHQDULR VFRUHV EHVW GXH WR FRPELQHG EHQHILW HOHPHQWV RI WKH
PRELOLW\02%SULYDWHILQDQFLDODWWUDFWLYHQHVV3)$DQGWKHRWKHUSROLF\DQGSODQQLQJ
LVVXHV 27+ LPSDFWVZKLFKDPRXQW WRRI WKH WRWDOEHQHILWV PLOOLRQ'.USHU
\HDU
 $66(660(172)7+(5,1*52$'$/7(51$7,9($
7KH FRPSRVLWLRQ RI EHQHILWV IRU WKLV SURMHFW DOWHUQDWLYH LV YHU\ VLPLODU WR WKDW RI WKH
$PDJHU 6WUDQGYHM DOWHUQDWLYH F2QO\ WKH FRQVWUXFWLRQ FRVWV DUH VXEVWDQWLDOO\ JUHDWHU
EXW WKH UHVXOW LV OHVV UREXVW 7KH DGGLWLRQDO EHQHILW PDLQO\ VWHP IURP WKH WUDYHO WLPH
EHQHILWVWRWKHORFDOWUDIILFXVLQJWKHXSJUDGHG/RVVHSODGVYHMDVGHVFULEHGDERYH$OVRWKH
5LQJURDGDOWHUQDWLYHDJHQHUDWHVQRVXEVWDQWLDOEHQHILWVFRQFHUQLQJQRLVHZKLFKPDNHV
LWSHUIRUPSRRUO\ LQ WKH HQYLURQPHQWDOO\ VHQVLWLYH VFHQDULRV(VVHQWLDOO\ WKLVPHDQV WKDW
WKH SURMHFW LV YHU\ VHQVLWLYH WRZDUGV WKH YDOXH RI WLPH DV WKLV LV WKH VROH UHDO EHQHILW
HOHPHQW
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
 $66(660(172)7+(5,1*52$'$/7(51$7,9(:,7+75$)),&&$/0,1*%
7KLVSURMHFWKDVLQJHQHUDOWKHVDPHEHQHILWGLVWULEXWLRQDVWKH$PDJHU6WUDQGYHMDOWHUQD
WLYHZLWKWUDIILFFDOPLQJLQFHQWUDO&RSHQKDJHQG2QO\WKLVSURMHFWKDVWKHWUDYHOWLPH
EHQHILWVZLWKRXW UHO\LQJ VROHO\ RQ WKLV VLQJOH EHQHILW LWHP 7KH RQO\ GLVEHQHILW IRU WKLV
SURMHFW LV DQ LQFUHDVH LQ WKH RSHUDWLRQV DQGPDLQWHQDQFH FRVWV 20& DQG WKH YHKLFOH
RSHUDWLQJFRVWV92&7KHSURMHFWLVKRZHYHUDOVRWKHPRVWH[SHQVLYHDERXWPRUH
H[SHQVLYHWKDQF%XWLWVKRXOGEHNHSWLQPLQGWKHW\SHRIYHKLFOHRSHUDWLQJFRVWPRGHO
XVHGLQWKLVVWXG\
,W LV JHQHUDOO\ UHODWLYHO\ UREXVWZLWK UHVSHFW WR WKH VFHQDULRV 7KH QRLVH LPSDFW LV TXLWH
VXEVWDQWLDOEXWWKHUHLVDVOLJKWLQFUHDVHLQDLUSROOXWLRQH[SRVXUH7KLVDOVRH[SODLQVZK\
WKH,QWLPDWH,17DQGWKH6XSUDQDWLRQDO683VFHQDULRVDUHSHUIRUPLQJUHODWLYHO\ZHOO
7KH7HFKQRORJLFDO VFHQDULR LVQRWSHUIRUPLQJVRZHOO LQ WKLV VFHQDULRGXH WR WKH UHGXF
WLRQVLQQRLVHEHQHILWVRYHUWLPH
 &21&/8',1*5(0$5.6
$VFRQFHUQVWKHSURMHFWVQRQHRIWKHPVHHPVWREHHFRQRPLFDOO\YLDEOHDWWKLVVWDJH$V
PHQWLRQHGDERYHWKH\DOOJHQHUDWHVXEVWDQWLDOEHQHILW%XWWKHEHQHILWVDUH LQVXIILFLHQWDW
SUHVHQW WR MXVWLI\ WKH UDWKHU ODUJH LQYHVWPHQW LQ D WXQQHO $OVR WKH SURMHFWV DUH PDLQO\
UHO\LQJRQVPDOOWUDYHOWLPHVDYLQJV7KLVFRLQFLGHVZLWKWKHILQGLQJVRIWKHWUDIILFDQDO\VLV
LQWKDWWKHPDLQXVHUVRIWKHWXQQHOZRXOGEHORFDODQGFRQVLVWRIVKRUWWULSVUDWKHUWKDQ
ORQJ WULSV $FFRUGLQJO\ H[WUD PHDVXUHV DUH UHTXLUHG LQ FHQWUDO &RSHQKDJHQ WR JHQHUDWH
VRPH H[WUD PDLQO\ HQYLURQPHQWDO EHQHILWV ,W VHHPV WKDW WKH WXQQHO PXVW EH VHHQ LQ
FRQQHFWLRQZLWKRQHRUPRUHRWKHULQLWLDWLYHVLQRUGHUWREHYLDEOH
,WLVDOVRQRWHGWKDWWKHLQFOXVLRQRIWKHPD[LPXPWUDIILFVFHQDULRPD[LPLVHVWKHSURMHFW
EHQHILWV 7KLV VHHPV WR LPSO\ WKDW SURYLGHG WKDW WKLV ODQGXVH GHYHORSPHQW GRHV QRW
RFFXUWKHSURMHFWVZLOOSHUIRUPZRUVHWKDQZKDWLVVKRZQKHUH
7KHUHDUHDQXPEHURIUHVHUYDWLRQVFRQFHUQLQJWKHVHFRQFOXVLRQVZKLFKVKRXOGEHNHSWLQ
PLQGZKHQHYDOXDWLQJWKHUHVXOWV
• 7KHUHKDVEHHQQRH[SOLFLWWUHDWPHQWRIKHDY\YHKLFOHV
 7KLVPD\KDYHDQRQPDUJLQDOLQIOXHQFHRQERWKWKHH[SRVXUHDQGQRLVHLPSDFWV(VSHFLDOO\
LQWKHFDVHRID	EZKHUHDODUJHDPRXQWRIWKHKDUERXUWUDIILFFDQEHH[SHFWHGWRXVHWKH
WXQQHO LQVWHDG RI SDVVLQJ WKURXJK FHQWUDO &RSHQKDJHQ VHH 1LHOVHQ  2$ 1LHOVHQ (5
,VUDHOVHQ7
• 7KHGRPLQLPXPELVDUHDVVLJQPHQWRID
 7KHGRPLQLPXPEIRUGDQGEKDVQRWEHHQDVVHVVHGZLWKUHVSHFWWRFKDQJHVLQPRGDO
VSOLWRUODQGXVH7UDIILFFDOPLQJLQFHQWUDO&RSHQKDJHQZLWKRXWDQ\+DUERXU7XQQHOLVOLNHO\
WRKDYHDODUJHULPSDFWRQWKHPRGDOVSOLWWKDQWKH+DUERXU7XQQHO LVH[SHFWHGWR)XUKHU
PRUHLWPD\FDXVHEXVLQHVVHVWRUHORFDWHVLPSO\GXHWRWKHUHGXFWLRQVLQPRELOLW\
• 7KHHYDOXDWLRQVKRXOGEHPXOWLPRGDO
 7KHHYDOXDWLRQPDGHKHUH LVEDVHGVROHO\RQDXQLPRGDOEDVLVDVPXOWLPRGDO WUDIILFPRGHO
UHVXOWVKDYHQRWEHHQDYDLODEOH$ IXOOVFDOHHYDOXDWLRQVKRXOG LQFOXGHDOOPRGHVDV WKLVPD\
LQIOXHQFHWKHUHVXOWVVRPHZKDW
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• 7KHYHKLFOHRSHUDWLQJFRVWLVDVLPSOHIXQFWLRQRIWKHWUDQVSRUWZRUN
 ,WVHHPVDSSURSULDWHWRSHUIRUPWKLVDQDO\VLVXVLQJDPRUHVRSKLVWLFDWHGYHKLFOHRSHUDWLQJFRVW
PRGHO DV WKH FDUV XVLQJ WKH+DUERXU7XQQHOZLOO H[SHULHQFH DPRUH FRQWLQXRXV IORZ DW D
KLJKHU VSHHG ZKLFK LV PRUH HQHUJ\ HIILFLHQW DQG ZKLFK LQIOLFWV OHVV ZHDU DQG WHDU RQ WKH
YHKLFOH7KLVODWWHULVLPSRUWDQWDVWKHPDMRULW\RIWKHGLVEHQHILWVVWHPIURPYHKLFOHRSHUDWLQJ
FRVWDVWKLVPD\QRWEHWKHFDVH
• 6RPHPRGHOVDUHYHU\FUXGH
 7KLVSUREOHPV FRQFHUQV VSHFLILFDOO\ WKHQRLVHPRGHO WKH VWUDWHJLFPRELOLW\PRGHO DQGV WKH
VHYHUDQFHPRGHO0RUHVRSKLVWLFDWHGPRGHOVDUHDYDLODEOHDQGDVHVSHFLDOO\WKHQRLVHLPSDFW
VHHPWRKDYHTXLWHDQLPSDFWRQSURMHFWSHUIRUPDQFHWKLVZRXOGEHDSSURSULDWH
,W DSSHDUV FOHDU WKDW WKH UHVXOWV IRXQG KHUH FDQQRW EH XVHG VLQJXODUO\ WR GLVUHJDUG D
+DUERXU7XQQHODWSUHVHQW+RZHYHUWKHUH LVDVWURQJ LQGLFDWLRQ WKDW LWPLJKWEHZRUWK
ZKLOHZDLWLQJDQXPEHURI\HDUVEHIRUHPDNLQJDILQDOGHFLVLRQ
 &21&/86,21)2//2:,1*7+(86(2)7+(6($00(7+2'2/2*<
(YHQ WKRXJK WKLV FDVH VWXG\ KDV EHHQ OLPLWHG LQ VFRSH LW KDV VKRZQ WKDW WKH 6($0
PHWKRGRORJ\EULQJVIRUZDUGHOHPHQWVRIWKHSURMHFWDOWHUQDWLYHVWKDWZRXOGQRWRWKHUZLVH
KDYHEHHQDFNQRZOHGJHG
$VHQVLWLYLW\DQDO\VLVEDVHGRQWKHGLVFRXQWUDWHZRXOGJHQHUDWHDJUHDWHUVSDQFRPSDUHG
WRZKDWWKHUREXVWQHVVPHDVXUHSURYLGHV$FKDQJHWRDGLVFRXQWUDWHZLOOPHUHO\VFDOH
WKH VFRUH XSZDUGVZLWKRXW SURYLGLQJPXFKPRUH LQIRUPDWLRQ WKDQZKDW FRQFHUQV WKH
VHQVLWLYLW\RIWKHSURMHFWVZLWKUHVSHFWWRWKHGLVFRXQWUDWH$VFHQDULREDVHGDQDO\VLVJRHV
EH\RQG WKLV VLPSOH DQDO\VLV E\ HQYHORSLQJ SURMHFW XQFHUWDLQWLHV EDVHG RQ WKH DSSUDLVDO
DSSURDFKDQGKHUHE\LOOXVWUDWHVSURMHFWUREXVWQHVV
7KHLQIRUPDWLRQSURYLGHGLVWKDWRIUREXVWQHVVXQGHUPXOWLSOHIXWXUHVLQGLFDWLQJWKDWZLWK
DJLYHQSURMHFWLWZLOOSHUIRUPZHOOEXWLWGRHVQRWSURYLGHVSHFLILFLQIRUPDWLRQRQH[DFWO\
KRZZHOO,WZLOORIIHUDUDQJHZLWKLQZKLFKWKHHIILFLHQF\RIWKHSURMHFWZLOOEHIRUVSHFLILF
HYDOXDWLRQFULWHULD
$VIRUWKHGHFLVLRQPDNLQJSURFHVVLWDSSHDUVDXVHIXOWRROIRUJXLGDQFH3XEOLFIXQGVDUH
VFDUFH DQG LWZRXOG DSSHDU HDVLHU WR EDVH D GHFLVLRQ RQZKDW LV VXVWDLQDEOH LQ D IXWXUH
HQYLURQPHQWWKDQWREDVHDGHFLVLRQRQDVHQVLWLYLW\DQDO\VLVWKDWSURYLGHVOLWWOHDGGLWLRQDO
LQIRUPDWLRQWRWKHVLQJOHVFRUH
,WLVLQWHUHVWLQJWRQRWHWKDWWKH6XSUDQDWLRQDOVFHQDULR683KDVQRVSHFLILFLPSOLFDWLRQV
IRU WKLV W\SH RI ORFDO LQYHVWPHQW 7KH VFHQDULR LV GLUHFWHG DW LQYHVWPHQWV WKDW LQYROYH
LQWHUQDWLRQDO LVVXHV RU LQWHUQDWLRQDO WUDQVSRUW ZKLFK LV QRW IRXQG LQ WKLV FDVH VWXG\
&RQVHTXHQWO\WKHVHQVLWLYLW\WRZDUGVWKLVVFHQDULRLVOLPLWHGIRUDOOSURMHFWV,QWKLVFDVHLW
UHVHPEOHVDGRZQVFDOHGYHUVLRQRIWKH,QWLPDWHVFHQDULR,177KHGLIIHUHQFHIURPWKH
,QWLPDWHVFHQDULR,17ZRXOGKRZHYHUEHFRPHPRUHDSSDUHQWLQWKHFDVHRIDIXOOVFDOH
6($0DSSOLFDWLRQLQYROYLQJDOVRWKHWUDIILFPRGHO
7KHIXOOLPSOLFDWLRQRIWKH6($0PHWKRGRORJ\LVKDPSHUHGE\WKHOLPLWHGFDVHVWXG\,W
LVKRSHGWKDWWKLVPHWKRGRORJ\ZLOOKDYHWKHRSWLRQRIEHLQJWHVWHGRQVRPHIXWXUHIXOO
VFDOH VWXG\SDLQWLQJ DOO GHYHORSPHQW YDULDEOHV LQWR D FRQVLVWHQW VHW7KLVZRXOG LQYROYH
SDLQWLQJRIEHKDYLRXUDOYDULDEOHVDVZHOODVYDULDEOHVIRUHYDOXDWLRQ
$SSOLFDWLRQRIWKH6($0PHWKRGRORJ\ 3DJH
&ODXV5HKIHOG
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&DUO%URUHVWDGVVHOVNDEHW²1\E\EDQH L.¡EHQKDYQ7UDILNPRGHO%LQG3URJQRVHU
7UDILN
)LFK HW DO  )LFK & 2YHUJnUG +DQVHQ & 	 6NRYJDDUG + UHVWDGVVHOVNDEHWV
WUDILNPRGHO7UDILNGDJHSn$8&·6XSSOHPHQWVUDSSRUWSS
)LFK &	 6¡QGHUJDDUG0 7KH &RSHQKDJHQ0HWUR ILQDQFHG E\ WKH UHVWDG QHZ WRZQ
375&DQQXDOVXPPHUPHHWLQJ
.¡EHQKDYQV.RPPXQH D ,QGUH E\ RJ +DYQHWXQQHOHQ  0XOLJKHGHU RJ YLVLRQHU .¡EHQ
KDYQV0DJLVWUDW$IGHOLQJ6WDGVLQJHQL¡UHQV'LUHNWRUDW
.¡EHQKDYQV.RPPXQHE7UDILNRJPLOM¡SODQIRU.¡EHQKDYQ.¡EHQKDYQV.RPPXQH
2YHUERUJPHVWHUHQV$IGHOLQJ
/HOHXUHWDO/HOHXU6.URQEDN-5HKIHOG&	&2:,FRQVXOW$WWDFKPHQWUHSRUWWR
(81(7 ' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ² (81(7 7UDQVSRUW (YDOXDWLRQ )UDPHZRUN
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN)HEUXDU\
/HOHXU 6  5RDG ,QIUDVWUXFWXUH 3ODQQLQJ ² $ 'HFLVLRQ2ULHQWHG $SSURDFK 3RO\WHNQLVN
IRUODJ
1LHOVHQ  2$ 1LHOVHQ (5 ,VUDHOVHQ 7 7UDILNDQDO\VHU DI +DYQHWXQQHOSURMHNWHW ²
)RUXGV WQLQJHURJUHVXOWDWHU,QVWLWXWIRU3ODQO JQLQJ'78
UHVWDGVVHOVVNDEHW)LJXUHRIWKHQHZPLQLPHWURGHYHORSPHQWDQGWKHUHVWDGUHVWDGVVHO
VNDEHW
3HDUFH':	1DVK &$ 7KH 6RFLDO$SSUDLVDO RI 3URMHFWV ²$ WH[W LQ &RVW%HQHILW
$QDO\VLV0DFPLOODQ
7UDILNPLQLVWHULHWVWOLJKDYQHWXQQHOL.¡EHQKDYQ7UDILNPLQLVWHULHW
7UDQVSRUWUnGHW+DYQHWXQQHO L.¡EHQKDYQYXUGHULQJHURJKRYHGVS¡UJVPnO5DSSRUW
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
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 &21&/86,216$1'3(563(&7,9(
7KLV WKHVLV FRQFHUQV WKH SODQQLQJ RI ODUJH WUDQVSRUW LQIUDVWUXFWXUH LQYHVWPHQWV 6SHFLDO
DWWHQWLRQKDVEHHQSDLGWRWKHLQIOXHQFHRIXQFHUWDLQW\RQSURMHFWSHUIRUPDQFH7KHWKHVLV
FRQVLVWV RI WZR SDUWV 3DUW  IRUPV WKH FRQFHSWXDO EDVLV FRQFHUQLQJ XQFHUWDLQW\ DQG
VFHQDULREDVHGWKLQNLQJZKHUHDV3DUWLVPHWKRGRORJLFDODQGLQYROYHVWKHSUHVHQWDWLRQRI
DQHZVFHQDULREDVHGDSSUDLVDOPHWKRGRORJ\²6($07KHWZRSDUWVLQWHUUHODWHDV3DUW
HQGV XS E\ RXWOLQLQJ WKH SUHYDLOLQJ PRGHOOLQJ FRQWH[W ZKLFK LQ WXUQ LV WKH SRLQW RI
GHSDUWXUHLQ3DUWIRUWKHGHYHORSPHQWRI6($0,QDGGLWLRQWRWKHWZRSDUWVHDFKRI
ZKLFK LVPDGH XS RI IRXU FKDSWHUV WKH WKHVLV FRPSULVHV WKUHH DSSHQGLFHV WKDW SUHVHQW
LQIRUPDWLRQ DERXW GHWDLOHG DVSHFWV UHODWLQJ WR 3DUW  7R DFFRPSDQ\ DQG LOOXVWUDWH WKH
6($0PHWKRGRORJ\DFRPSUHKHQVLYHFRPSXWHUPRGHOKDVEHHQGHYHORSHG
7KHIROORZLQJSURYLGHVVRPHFRQFOXVLRQVEDVHGRQWKHZRUN
• 0RGHOXQFHUWDLQW\ LVRIWHQGLYLGHG LQWRH[RJHQRXVDQGHQGRJHQRXVXQFHUWDLQW\
,WKDVEHHQVKRZQWKDWWKHHQGRJHQRXVPRGHOXQFHUWDLQW\FDQEHFDWHJRULVHGLQWR
REMHFWLYHDGDSWLYHDQGVXEMHFWLYHXQFHUWDLQW\7KLVUHYHDOVWKHLQIOXHQFHWKDWVFH
QDULRVKDYHRQPRGHOXQFHUWDLQW\2QWKLVEDVLVDQHZFRQFHSWXDOPRGHOIRUWKH
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)LJXUH %RUGHUSUREOHPVRIWKHSROOXWLRQPRGHO7KHGRWWHGOLQHVLQGLFDWHWKHURDGVZKLFK
LQVRPHFDVHVDUHRYHUODSSLQJZLWKWKH]RQHERUGHUV
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)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQLQ'RPLQLPXP²
D  
)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQIRUWKH$PDJHU6WUDQGYHM
DOWHUQDWLYHFLQ  
)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQIRUWKH5LQJURDGDOWHUQDWLYH
DLQ  
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12
;
IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYH
FIRUWKH\HDU  
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12
;
IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYH
GIRUWKH\HDUZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQ  
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12
;
IRUWKH5LQJURDGDOWHUQDWLYHDIRUWKH
\HDU  
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12
;
IRUWKH5LQJURDGDOWHUQDWLYHEIRUWKH
\HDUZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQ  
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU
6%7IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYH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  
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU
6%7IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHGZLWKDWUDIILFFDOPLQJVFKHPHLQ
FHQWUDO&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXPD  
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU
6%7IRUWKH5LQJURDGDOWHUQDWLYHD  
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU
6%7IRUWKH5LQJURDGDOWHUQDWLYHEZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO
&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXPD  
)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHF
)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHG
ZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXP
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)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH5LQJURDGDOWHUQDWLYHD  
)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH5LQJURDGDOWHUQDWLYHGZLWKD
WUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXPE
3DJH 3DUW,,
&ODXV5HKIHOG
&ODXV5HKIHOG
$33(1',;$
 *(1(5,&08/7,02'$/(9$/8$7,21)5$0(:25.6
&KDQJHV LQ WKH WUDQVSRUWV\VWHPE\ZD\RI WUDQVSRUW LQLWLDWLYHV LQYHVWPHQWVSROLFLHVRU
WHFKQRORJLHV DUH UDUHO\ LVRODWHG HYHQWV WKDW RFFXU LQ VHFOXGHG SDUW RI WKH WUDQVSRUW
V\VWHPV&KDQJHV IRU RQHPRGHPD\ WKURXJK ULSSOH HIIHFWV DQG FKDQJHV LQPRGDO VSOLW
LQIOXHQFHWKHWUDIILFLQWHQVLW\WUDIILFGLVWULEXWLRQLQWLPH ORFDWLRQSDWWHUQVIRUEXVLQHVVHV
DQGUHVLGHQFHVHWFDVGLVFXVVHGLQFKDSWHU
$SSUDLVDO LQ VXFKDSODQQLQJ V\VWHPUHTXLUHV DVVHVVPHQWRI WKH LPSDFWV VWHPPLQJ IURP
ERWKWKHSULPDU\PRGHGLUHFWO\DIIHFWHGE\WKHLQLWLDWLYHDVZHOODVVHFRQGDU\PRGHVZKLFK
DUHDIIHFWHGDVWKHV\VWHPDWWHPSWVWRUHDFKDVWDWHRIHTXLOLEULXP7KHVHDGGLWLRQDOFRVWV
DQG EHQHILWV PXVW EH LQFOXGHG LQ RUGHU WR REWDLQ D FRPSOHWH SLFWXUH RI WKH VRFLR
HFRQRPLF LPSDFWV 7R WKLV HQG DQ HYDOXDWLRQ IUDPHZRUN FRQVWLWXWHV WKH ORJLFDO IUDPH
ZKLFKVKRXOGGHVFULEH&(&I
• WKHUHOHYDQWVHWRILPSDFWVLPSDFWVWUXFWXUH
• KRZPHDVXUHWKHLPSDFWYDULDEOHVPRGHOOLQJRULPSDFWDVVHVVPHQWDSSURDFK
• KRZWRYDOXHRUZHLJKWKHLPSDFWVWRJHWKHUDSSUDLVDOPHWKRG
• KRZWRSUHVHQWWKHUHVXOWV
7UDGLWLRQDOO\HYDOXDWLRQIUDPHZRUNVKDYHEHHQXQLPRGDO LQ WKH VHQVH WKDW WKH\ OLPLWHG
WKHLU VFRSH WRRQO\ RQH VLQJOHPRGHPDLQO\ EHFDXVH WKHVH HYDOXDWLRQ IUDPHZRUNVZHUH
GHYHORSHG IRU WKH DSSUDLVDO RI LQWHUXUEDQ PHGLXP VHL]HG SURMHFWV 7KH LQWHUDFWLRQ
EHWZHHQPRGHVIRULQWHUXUEDQPHGLXPVHL]HGSURMHFWVLVRIWHQOLPLWHGDQGKDVWKXVEHHQ
GLVUHJDUGHG :KHWKHU WKLV ZLOO FRQWLQXH WR EH VR LV KRZHYHU TXHVWLRQDEOH DV ODUJH
DPRXQWVRIWKH(XURSHDQWUDQVSRUWQHWZRUNVDUHEHFRPLQJLQFUHDVLQJO\FRQJHVWHG8QGHU
FRQJHVWHGFRQGLWLRQVWKHLQIOXHQFHHYHQPLQRUFKDQJHVLQWKHJHQHUDOLVHGWUDYHOFRVWKDYH
RQWKHWUDIILFSDWWHUQPD\LQIDFWEHQRQPDUJLQDO
7KLV DSSHQGL[ LV FRQFHUQHG ZLWK WKH VHWWLQJ XS RI PXOWLPRGDO HYDOXDWLRQ IUDPHZRUNV
GHILQLQJ WKH UHOHYDQW LPSDFWV DQG SURYLGLQJ JXLGHOLQHV IRU WKH HVWLPDWLRQ RI LPSDFW
YDULDEOHV 7KH DSSUDLVDO PHWKRGV FRQFHUQLQJ YDOXDWLRQ DQG ZHLJKLQJ RI LPSDFWV DUH
GLVFXVVHGLQFKDSWHU
 '(9(/23,1*08/7,02'$/)5$0(:25.6
7KH(XURSHDQ(85(7FRQFHUWHGDFWLRQ&(&DHFRQWDLQVUHYLHZVRIH[LVWLQJ
HYDOXDWLRQIUDPHZRUNVIURP(XURSHDQ8QLRQPHPEHUVWDWHVFRQFHUQLQJURDGUDLOQRGDO
SRLQW DQG ZDWHUZD\ LQIUDVWUXFWXUH 7KH ILQGLQJV VKRZHG WKDW D UDQJH RI LPSDFWV DQG
DSSUDLVDOPHWKRGVDUHXVHGE\(8PHPEHUVWDWHV7KHGLIIHUHQFHV LQ DSSUDLVDOPHWKRGV
ZHUHIRXQGWRFRYHUIRXUJURXSV&(&I
• &RQYHQWLRQDOFRVWEHQHILWDQDO\VLV&%$
• %URDGIUDPHZRUNZLWKHPSKDVLVRQ&%$
• %URDGIUDPHZRUNZLWKHPSKDVLVRQPXOWLFULWHULDDQDO\VLV0&$
• 0DLQO\0&$ZLWKOLPLWHG&%$
7KH UDQJH RI LPSDFWV FRQWDLQHG LQ VHOHFWHG (XURSHDQ 8QLRQ PHPEHU VWDWHV· QDWLRQDO
HYDOXDWLRQIUDPHZRUNVLVOLVWHGLQ7DEOHEHORZ
3DJH $SSHQGL[$
&ODXV5HKIHOG
7DEOH ,PSDFWYDULDEOHVXVHGLQWKHOLVWHGQDWLRQDOHYDOXDWLRQIUDPHZRUNVFRQFHUQLQJURDGLQIUDVWUXFWXUH
7KHDEEUHYLDWLRQVFRYHU'.'HQPDUN))UDQFH )FRQFHUQV LQWHUXUEDQDUHDVDQG)XUEDQ
DUHDV&(&I'*HUPDQ\'LVDIHGHUDOVFUHHQLQJPHWKRGRORJ\%9:3DQG'LVDVR
FLRHFRQRPLFHYDOXDWLRQPHWKRG5$6:6HHHJ3ODQFR*5*UHHFH,5,UHODQG3
3RUWXJDO8.8QLWHG.LQJGRP,,WDO\
,03$&79$5,$%/( '. ) ) ' ' *5 ,5 3 6 8. ,
&RQVWUXFWLRQFRVW 8 8 8 8 8 8 8 8 8
2SHUDWLRQDQGPDLQWHQDQFHFRVW 8 8 8 8 8 8 8 8 8
9HKLFOHRSHUDWLQJFRVW 8 8 8 8 8 8 8 8
7UDYHOWLPH 8 8 8 8 8 8 8 8 8
$FFLGHQWVVDIHW\WUDIILFVDIHW\ 8 8 8 8 8 8 8 8 8 8 8
1RLVHDLUSROOXWLRQHQYLURQPHQW 8 8 8 8 8 8 8 8 8
3HUFHLYHGEDUULHU	ULVN 8
(FRQRPLFGHYHORSPHQW	WHUULWRULDOSODQQLQJ 8
8VHUEHQHILW 8 8 8
,QLWLDOVLWXDWLRQ 8 8
0RGDOHIIHFWUDLOZD\HIIHFW 8 8
(PSOR\PHQW	3XEOLFZRUNV 8 8 8 8
(QHUJ\ 8 8 8
)LQDQFLDOLPSDFWRQSXEOLFDXWKRULW\ 8 8
&%$ 8 8 8 8 8 8 8 8
,PSURYHPHQWGRPHVWLFFRPPXQLFDWLRQ 8
&RQWLQXLW\LPSURYHQDWLRQDOURXWHV 8 8
,PSURYHIXQFWLRQLQJEXLOWXSDUHD 8
5HGXFWLRQRIWUDIILFFRQJHVWLRQ 8
/DQGPDQDJHPHQW 8
&RVWV 8
7UDQVSRUWDWLRQFRVWV 8 8
'LVUXSWLRQGXHWRFRQVWUXFWLRQ 8
6SDWLDOHIIHFWV 8
1RQWUDIILFUHODWHGHIIHFWV 8
5HJLRQDODVVHVVPHQW 8 8 8
+HULWDJH&RQVHUYDWLRQ 8
'ULYHUVWUHVV 8 8
1DWLRQDOGHIHQFH 8 8
+XPDQHQYLURQPHQW 8
7UDQVLWUROH 8 8
3K\VLFDOSODQQLQJ 8
6HYHUDQFH 8 8 8
9LVXDOLPSDFW 8 8
(FRORJ\ 8 8
&XOWXUDOKHULWDJH 8
3HGHVWULDQDPHQLW\ 8
,PSURYHGDFFHVVLELOLW\ 8
$JULFXOWXUH 8
7KHWUDGLWLRQDO WUDQVSRUWHFRQRPLF LPSDFWVDUHPDUNHGZLWKEROG LQ7DEOH$V VHHQD
ZLGHUDQJHRIRWKHULPSDFWVWKDWDGGUHVVGLIIHUHQWSODQQLQJREMHFWLYHVDUHLQFOXGHGE\WKH
PHPEHU VWDWHV 7KH ZRUGLQJ VHHPV WR LQGLFDWH D JUHDW GHDO RI RYHUODS EHWZHHQ WKH
LPSDFWV7KHOLVWZRXOGDFFRUGLQJO\QRWEHDSSOLFDEOH LQ LWVHQWLUHW\IRUSURMHFWDSSUDLVDO
,Q JHQHUDO DZHOOZRUNHG RXW HYDOXDWLRQ IUDPHZRUNV VKRXOG WDNH DFFRXQW RI IRXU EDVLF
LVVXHV
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
• 'RXEOHFRXQWLQJ
• &RPSOLDQFHZLWKSUHYDLOLQJWUDQVSRUWREMHFWLYHV
• ,PSDFWVWUXFWXUH
• )UDPHZRUNVWUXFWXUH
(DFKRIWKHVHLVVXHVZLOOEHGLVFXVVHGLQWKHIROORZLQJSDUDJUDSKV
 '28%/(&2817,1*
7KHSUREOHPRIGRXEOHFRXQWLQJLVPRVWO\UHOHYDQWWRFRVWEHQHILWDQDO\VLVZKHUHWKHVXP
RILPSDFWVUHSUHVHQWDVRFLDOREMHFWLYHIXQFWLRQ,ILPSDFWVDUHFRUUHODWHGLPSDFWVFDQQRW
EHDGGHGGLUHFWO\,IWKH\DUHWKHUHLVDULVNRIRYHUHPSKDVLVLQJWKHLPSRUWDQFHRIRQHRU
PRUHLPSDFWVLQWKHDSSUDLVDO%\FRQVFLRXVO\DYRLGLQJGRXEOHFRXQWLQJWKHLPSDFWVZLOO
EH JHQXLQHO\ DGGLWLYH DQG WKH SUDFWLFDO DSSOLFDWLRQ HDVLHU DV WKH VWUXFWXUH ZLOO DYRLG
FRQIXVLQJ GHFLVLRQPDNHUV 6RPH PXOWLFULWHULD PHWKRGV DUH OHVV VHQVLWLYH WRZDUGV WKLV
SUREOHPHYHQWKRXJKFOHDUXQDPELJXRXVGHILQLWLRQVRILPSDFWVHDVHWKHZHLJKWLQJRIWKH
LPSDFWV ,Q VHWWLQJ XS WKH LPSDFW VWUXFWXUH RQH VKRXOG FRQVHTXHQWO\ DLP DW GHILQLQJ
LPSDFWVWKDWDUHSHUSHQGLFXODURUWKRJRQDOLQZKLFKFDVHFRVWVDQGEHQHILWVPD\VLPSO\EH
VXPPDULVHGLQDYHUWLFDODJJUHJDWLRQ
 &203/,$1&(:,7+35(9$,/,1*75$1632572%-(&7,9(6
(YDOXDWLRQIUDPHZRUNVVKRXOGEHGHYHORSHGLQFRUUHVSRQGHQFHZLWKWKHSROLWLFDOSODQQLQJ
REMHFWLYHV 7KH VXFFHVV RI DQ DSSUDLVDO GHSHQGV DPRQJ RWKHU WKLQJV RQ ZKHWKHU WKH
DQDO\VLVUHIOHFWVGHFLVLRQPDNHUUHTXLUHPHQWV7UDQVSRUWREMHFWLYHVDUHFKDQJLQJZLWKWKH
VRFLHWDO FRQGLWLRQV DQG DV D IXQFWLRQ RI WKH SODQQLQJ OHYHO 7KLV LV REVHUYHG DV VRPH
LPSDFWV JHW LQFUHDVHG RU UHGXFHG DWWHQWLRQ GHSHQGLQJ RQZKHWKHU WKH SODQQLQJ OHYHO LV
ORFDO UHJLRQDO QDWLRQDO RU VXSUD QDWLRQDO $V DQ H[DPSOH WKH (8 WUDQVSRUW REMHFWLYHV
LQYROYH LVVXHV FRQFHUQLQJ VRFLDO HTXLW\ DQG FRKHVLRQ ZKLFK DUH UDUHO\ UHOHYDQW RQ D
UHJLRQDO OHYHO DQG ZKLFK KDYH WUDGLWLRQDOO\ QRW EHHQ LQFOXGHG LQ WKH PDMRULW\ RI WKH
QDWLRQDOHYDOXDWLRQIUDPHZRUNV6WUDWHJLFLVVXHVDUHEHFRPLQJRILQFUHDVLQJLPSRUWDQFHWR
QDWLRQDOJRYHUQPHQWV LQWKH(XURSHDQ8QLRQ7KH(8WUDQVSRUWREMHFWLYHVDVFRPSLOHG
E\/HOHXUHWDODUH
 0D[LPLVH WUDQVSRUW HIILFLHQF\ LPSURYHG SHUIRUPDQFH DQG GHYHORSPHQW RI HDFKPRGH DQG
WKHLULQWHJUDWLRQLQWRDFRKHUHQWWUDQVSRUWV\VWHPVRFLRHFRQRPLFIHDVLELOLW\LPSURYHGFRP
IRUWDQGOHYHORIVHUYLFHHWF
 ,PSURYH WUDQVSRUW VDIHW\ YHKLFOH DQG LQIUDVWUXFWXUH VDIHW\ GDQJHURXV WUDQVSRUWV GULYHU
HGXFDWLRQDQGEHKDYLRXUVRFLRHFRQRPLFIHDVLELOLW\HWF
 &RQWULEXWH WR HQYLURQPHQWDO LPSURYHPHQW ORFDO DLU SROOXWLRQ QRLVH VHYHUDQFH TXDOLW\ RI
EXLOWHQYLURQPHQWDQGODQGVFDSHVRFLRHFRQRPLFIHDVLELOLW\HWF
 ,PSURYH VWUDWHJLF PRELOLW\ DFFHVVLELOLW\ DQG (XURSHDQ QHWZRUNV QRGDO SRLQWV SHULSKHUDO
DUHDVPLVVLQJOLQNVHWF
 &RQWULEXWH WR VWUDWHJLF HQYLURQPHQWDO LPSURYHPHQW JUHHQKRXVH JDVHV HFRORJLFDO GDPDJH
XVHRIHQHUJ\UHVRXUFHVHWF
 &RQWULEXWHWRVWUDWHJLFHFRQRPLFGHYHORSPHQWUHJLRQDOHFRQRPLFVVSDWLDOSODQQLQJFRQVLG
HUDWLRQVHWF
3DJH $SSHQGL[$
&ODXV5HKIHOG
 &RQWULEXWH WR WHFKQRORJ\ GHYHORSPHQW LQQRYDWLRQ LQ WUDQVSRUW WHFKQRORJ\ DQG VWDQGDUGV
WHOHPDWLFVHWF
 &RQWULEXWH WR LPSOHPHQWDWLRQ RI 6LQJOH 0DUNHW IDLU FRPSHWLWLRQ DQG SULFLQJ WHFKQLFDO
KDUPRQLVDWLRQHWF
 &RQWULEXWHWRVRFLDOGLPHQVLRQHTXLW\ZRUNLQJFRQGLWLRQV´&LWL]HQV
1HWZRUNµSHRSOHZLWK
UHGXFHGPRELOLW\HWF
 &RQWULEXWH WR H[WHUQDO GLPHQVLRQ QHWZRUN GHYHORSPHQW DQG LQWHJUDWLRQ DJUHHPHQWV
WHFKQLFDODVVLVWDQFHDQGFRRSHUDWLRQHWF
7KHREMHFWLYHVDVOLVWHGPD\EHGLYLGHGLQWRWKUHHPDLQJURXSVDFFRUGLQJWRWKHSODQQLQJ
GRPDLQ/HOHXUHWDO
• *HQHUDOGHVLJQREMHFWLYHVDERXWHIILFLHQF\VDIHW\DQGHQYLURQPHQW
• 6WUDWHJLF REMHFWLYHV DERXW VWUDWHJLFPRELOLW\ VWUDWHJLF HQYLURQPHQW DQG VWUDWHJLF HFRQRPLF
GHYHORSPHQW
• *HQHUDOSROLF\REMHFWLYHV
/HOHXUHWDO VWDWHVWKDW´,WVKRXOGEHQRWHG WKDW WKHVHREMHFWLYHVDUHSULPDULO\ VHW RXWDW WKH
7UDQVQDWLRQDO (XURSHDQ OHYHO DQG WKDW WKHUH FDQ EH DJUHHPHQWGLVDJUHHPHQW ZLWK VSHFLILF QDWLRQDO
DQGRUORFDOWUDQVSRUWREMHFWLYHV6LPLODUO\REMHFWLYHVFRXOGEHVHWXSIRUWKHQDWLRQDODQGUHJLRQDOORFDO
OHYHO'LIIHUHQFHVZLOOWKHQRFFXUDVODFNRIFRQJUXHQFHQRQVLPLODUREMHFWLYHGHILQLWLRQVIRUWKHVSHFLILF
REMHFWLYHDQGZLWKVLPLODUREMHFWLYHGHILQLWLRQVDVGLIIHUHQWSUHIHUHQFHVWUHQJWKµ
 ,03$&76758&785(
7KH WKLUG LVVXHFRQFHUQV WKHGHYHORSPHQW DQ LPSDFW VWUXFWXUH WKDW LV ERWK WKHRUHWLFDOO\
DFFHSWDEOH DVZHOO DV SUDFWLFDOO\ LPSOHPHQWDEOH ,Q WKH(85(7 VWXG\ D VHW RI GHVLUDEOH
FKDUDFWHULVWLFVRIDPXOWLPRGDOHYDOXDWLRQIUDPHZRUNVWUXFWXUHZDVGHILQHG&(&
• &RPPRQHYDOXDWLRQPHDVXUHVDFURVVGLIIHUHQWPRGHV
• &RPSUHKHQVLYHQHVV
• (IILFLHQF\LQWHUPVRIGDWDXVHDQGDQDO\VLVDSSURDFK
:KHUHWKHGRXEOHFRXQWLQJLVVXHFRQFHUQHGYHUWLFDODJJUHJDWLRQWKHFRPPRQHYDOXDWLRQ
PHDVXUHVUHODWHWRWKHKRUL]RQWDODJJUHJDWLRQRILPSDFWVDFURVVPRGHV7KLVDLPVDWHDVLQJ
WKH FRPSDUDELOLW\ EHWZHHQPRGHV $Q H[DPSOH RI VXFK D KRUL]RQWDO DJJUHJDWLRQ LV WKH
FRPSXWDWLRQRIWKHWRWDOWUDYHOWLPHVDYLQJVLQWKHWUDQVSRUWV\VWHP&RPSUHKHQVLYHQHVV
LVFRQFHUQHGZLWKFRYHULQJDVZLGHDUDQJHRILPSDFWVDVLWDSSHDUVIHDVLEOHDQGSRVVLEOHLQ
RUGHU WR FRYHU DVPDQ\ RI WKH WUDQVSRUW REMHFWLYHV DV SRVVLEOH (IILFLHQF\ LV DERXW WKH
PRGHOOLQJ DSSURDFKHV LQ WHUPV RI DGMXVWLQJ WKH GDWD UHTXLUHPHQWV WR WKH SODQQLQJ DQG
GHFLVLRQSUREOHP
$ IRXUWK LVVXH FRQFHUQV WKH WUDQVSDUHQF\ RI WKH LPSDFW VWUXFWXUH 7UDQVSDUHQF\ ZLWK
UHVSHFWWRWKHFODULILFDWLRQRILQFLGHQFHJURXSV:KRDUHWKHEHQHILFLDULHVDQGZKRDUHWKH
EHDUHUVRIFRVWIROORZLQJDQLQIUDVWUXFWXUHGHYHORSPHQW6RPHSURMHFWPD\SURYHFRXQWHU
SURGXFWLYH ZLWK UHVSHFW WR FHUWDLQ SODQQLQJ REMHFWLYHV HYHQ WKRXJK WKLV LV QRW REYLRXV
IURPWUDGLWLRQDODSSUDLVDO
 )5$0(:25.6758&785(
0XOWLPRGDOHYDOXDWLRQIUDPHZRUNVFDQEHGHYHORSHGDFFRUGLQJWRWZRWHPSODWHV
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
• ,QWHJUDWHGDSSURDFK
• 6HJUHJDWHGDSSURDFK
7KHLQWHJUDWHGDSSURDFKLQYROYHVD ¶WDLORUPDGH·DSSURDFKWRFHUWDLQSODQQLQJSUREOHPV
)RU LQVWDQFHIUDPHZRUNVIRU WKHFRPSHWLWLRQEHWZHHQURDGDQGUDLOKLJKVSHHGUDLODQG
DLUWUDQVSRUWHWF$OWHUQDWLYHO\WKLVDSSURDFKZRXOGLQYROYHWKHLPSDFWVWRDOOPRGHV7KH
PRGHVXQDIIHFWHGE\WKH LQLWLDWLYHZRXOGJHW]HUREHQHILW IRUDOO LPSDFWV7KLVDSSURDFK
KDV WKH GRZQVLGH RI EHLQJ RYHUO\ FRPSUHKHQVLYH DQG ULJLG DV LW QHHGV WR LQYROYH DQ\
SRVVLEOH FKDQJHVRQDQ\SRVVLEOH FRPSHWLQJPRGH7KLV SRVVLELOLW\ LV DFFRUGLQJO\ GLVUH
JDUGHGDVRSWLRQ
7KH VHJUHJDWHG DSSURDFK RQ WKH RWKHU KDQG LQYROYHV D VWHSZLVH DSSURDFK ZKHUH D
SULPDU\ IUDPHZRUN LV GHWHUPLQHG E\ WKH SULPDU\ PRGH RU LQIUDVWUXFWXUH DW ZKLFK WKH
WUDQVSRUW LQLWLDWLYH LV DGGUHVVHG 6XEVHTXHQWO\ VHFRQGDU\ IUDPHZRUNV DUH LQFOXGHG
VHTXHQWLDOO\ ZKHQ UHTXLUHG DFFRUGLQJ WR WKH SODQQLQJ SUREOHP 7KLV DSSURDFK HQVXUHV
IOH[LELOLW\RIWKHHYDOXDWLRQIUDPHZRUNV
 08/7,02'$/)5$0(:25.5(9,(:
'LIIHUHQWVWXGLHVKDYHDGGUHVVHG WKH LVVXHV FRQFHUQLQJ WKHGHYHORSPHQWRIPXOWLPRGDO
HYDOXDWLRQ IUDPHZRUNV LQ GLIIHUHQW ZD\V %HORZ D VKRUW UHYLHZ RI WKUHH PXOWLPRGDO
IUDPHZRUNVWXGLHVLVIRXQGQDPHO\WKH(XURSHDQ(85(7DQG$3$65RDGVWXGLHVDQG
WKH $PHULFDQ 1&+53 VWXG\ $ PRUH GHWDLOHG UHYLHZ RI WKH (81(7 IUDPHZRUNV LV
IRXQGLQVHFWLRQ
 7+((85(7678'<
7KH(85(7FRQFHUWHGDFWLRQ VWXG\ &(&DH FRQVLVWHGRI VHYHUDO VXEJURXSV
ZKLFKIRUHDFKWKHLUPRGHSURYLGHGDVHULHVRIPRGHVSHFLILFHYDOXDWLRQIUDPHZRUNVIRU
PHGLXPVHL]HGSURMHFWV7KHPDLQVWUXFWXUH LVFRPPRQ WRDOOPRGHVZKLFKGLYLGHG WKH
LPSDFWVLQWRWZRPDLQJURXSV
• 0DQGDWRU\LPSDFWV
• 'LVFUHWLRQDU\LPSDFWV
&ROOHFWLYHO\WKHVWXGLHVPDGHXSDVHJUHJDWHGPXOWLPRGDOHYDOXDWLRQIUDPHZRUN,Q7DEOH
EHORZWKHHYDOXDWLRQIUDPHZRUNIRULQWHUXUEDQURDGLQIUDVWUXFWXUHLVVHHQ
3DJH $SSHQGL[$
&ODXV5HKIHOG
7DEOH 9DOXDWLRQDQGPHDVXUHPHQWPHWKRGV LQWKH(85(7 IUDPHZRUNIRU URDGSURMHFWV53 5H
YHDOHG3UHIHUHQFH63 6WDWHG3UHIHUHQFH:73 :LOOLQJQHVV7R3D\&9 &RQWLQJHQW9DOXD
WLRQ
0$1'$725<,03$&76 9$/8$7,210($685(0(170(7+2'6$9$,/$%/(
&RQVWUXFWLRQ )DFWRUFRVWPDUNHWSULFHVDGMXVWHGIRUGLVWRUWLRQVDQGRU VWUDWHJLF HQYLURQPHQWDO
UHDVRQVVKDGRZSULFHV
0DLQWHQDQFH $VFRQVWUXFWLRQ
9HKLFOHRSHUDWLQJFRVWV $VFRQVWUXFWLRQ
7UDYHOWLPHVDYLQJV :RUNWLPH53ZDJHUDWHVDQGUHVRXUFHFRVWV
1RQZRUNWLPH:73IURP53&963
6DIHW\ ,QGLUHFWFRVWVKXPDQFDSLWDO:73WRDYRLGULVN
'LUHFWFRVWVUHVRXUFHFRVWVRIPHGLFDODQGHPHUJHQF\VHUYLFHV
1RQHFRQRPLFFRVWVLPSXWHGYDOXHIRUSDLQDQGVXIIHULQJ
/RFDOHQYLURQPHQW $LUSROOXWLRQ63LQGLUHFWPHWKRGVGRVHUHVSRQVH
1RLVH53KHGRQLFSULFLQJ63&9
$PHQLW\ODQGVFDSH&963WUDYHOFRVWPHWKRGH[SHUWMXGJHPHQW
6HYHUDQFH5363UDQNHGVFDOHV
',6&5(7,21$5<,03$&76
6WUDWHJLFHQYLURQPHQW 3ROLWLFDOMXGJHPHQWGHVFULSWLYHPHWKRGVWDUJHWV
(FRQRPLFGHYHORSPHQWDQGSODQQLQJ 1HWHPSOR\PHQWH[SHUWSURIHVVLRQDOMXGJHPHQWSROLWLFDOREMHFWLYHV
6WUDWHJLFSROLF\ ,QGLFDWLRQRISRVLWLYHQHJDWLYHQHXWUDOHIIHFW
$V FRQFHUQV WKH HYDOXDWLRQ LW FDQ EH QRWHG WKDW WKH PDQGDWRU\ LPSDFWV KDYH D ¶ORFDO·
RULHQWDWLRQZKLOHWKHGLVFUHWLRQDU\LPSDFWVKDYHD¶QRQORFDO·RULHQWDWLRQ7KXVWKHLUYDOXD
WLRQPHDVXUHPHQW LV OHVV GHYHORSHG DQG PRUH ¶VXEMHFWLYH· FRPSDUHG WR WKH YDOXD
WLRQPHDVXUHPHQWRIWKHPDQGDWRU\LPSDFWV/HOHXUHWDO
 7+($3$652$'678'<
7KH$3$65RDG VWXG\ &(& IZDV FRQFHUQHGRQO\ZLWK WKH HYDOXDWLRQRI URDG
LQIUDVWUXFWXUH DQG $77 $GYDQFHG 7UDQVSRUW 7HOHPDWLFV SURMHFWV 7KH IUDPHZRUNV
FRQFHUQ ODUJHPHGLXPVL]HGDQGVPDOOSURMHFWV LQXUEDQDVZHOO DV LQWHUXUEDQHQYLURQ
PHQWV7KHUHDVRQWKLVXQLPRGDOIUDPHZRUNKDVEHHQLQFOXGHGLQWKHUHYLHZSHUWDLQVWR
WKHIDFWWKDWWKLVVWXG\XVHGWKH(85(7LPSDFWVWUXFWXUHFRQFHUQLQJURDGLQIUDVWUXFWXUH
DV D VWHSSLQJ VWRQH IRU UHILQHPHQWRI WKH LPSDFW VWUXFWXUH 7KH$3$65RDG RSHUDWHV
ZLWKWKUHHPDLQLPSDFWVJURXSV
• &RUHLPSDFWV
• 1RQFRUHQRQVWUDWHJLFLPSDFWV
• 1RQFRUHVWUDWHJLFLPSDFWV
7KHUHILQHPHQWDQGGHYHORSPHQWFRQFHUQHGWKH¶VRIW·PRGHVSHFLILFLPSDFWVLQWKHQRQ
FRUH QRQVWUDWHJLF LPSDFW JURXS DQG D IXUWKHU GHYHORSPHQW  DQG VSHFLILFDWLRQ RI WKH
VWUDWHJLFLPSDFWVLQWKHQRQFRUHVWUDWHJLFLPSDFWJURXS
7DEOH $3$65RDGIUDPHZRUNIRUURDGLQIUDVWUXFWXUHSURMHFWV 2QO\UHOHYDQWIRUURDGLQIUDVWUXFWXUH
SURMHFWV 2QO\UHOHYDQWIRU$77SURMHFWV&%$ &RVW%HQHILW$QDO\VLV0&$ 0XOWL&ULWHULD
$QDO\VLV 7REHMXGJHGLQWKHLQGLYLGXDOHYDOXDWLRQFDVHV
,03$&76 52$',1)5$6758&785(352-(&77<3(6
,17(585%$1 85%$1
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
/$5*( 0(',80
6,=('
60$// /$5*( 0(',80
6,=('
60$//
&RUHLPSDFWV
 ,QYHVWPHQWFRVWV &%$ &%$ &%$ &%$ &%$ &%$
 6\VWHP RSHUDWLQJ DQG PDLQWH
QDQFHFRVWV
&%$ &%$ &%$ &%$ &%$ &%$
 9HKLFOHRSHUDWLQJFRVWV &%$ &%$ &%$ &%$ &%$ &%$
 7UDYHOWLPHVDYLQJV &%$ &%$ &%$ &%$ &%$ &%$
 6DIHW\ &%$ &%$ &%$ &%$ &%$ &%$
 /RFDO HQYLURQPHQW DLU  SROOX
WLRQQRLVHVHYHUDQFH
&%$ &%$ &%$ &%$ &%$ &%$
1RQFRUHQRQVWUDWHJLFLPSDFWV
 'ULYHU FRQYHQLHQFH FRPIRUW
VWUHVV
0&$ 0&$ 0&$ 0&$ 0&$ 0&$
 3XEOLFWUDQVSRUWVHUYLFHOHYHO 0&$ 0&$ 0&$
 8UEDQTXDOLW\	ODQGVFDSH 0&$ 0&$ 0&$ 0&$ 0&$ 0&$
 ,QIRUPDWLRQ      
 ,PSURYHGHQIRUFHPHQW      
1RQFRUHVWUDWHJLFLPSDFWV
 6WUDWHJLF PRELOLW\ DFFHVVLELOLW\
DQGQHWZRUNV
0&$ 0&$ 0&$ 0&$
 6WUDWHJLF HQYLURQPHQW JUHHQ
KRXVHJDVHVHFRORJLFDOGDPDJH
0&$ 0&$ 0&$ 0&$
 6WUDWHJLF HFRQRPLF GHYHORS
PHQWUHJLRQDOHIIHFWV
0&$ 0&$ 0&$ 0&$
 7HFKQRORJ\GHYHORSPHQW    
 2WKHU VWUDWHJLF SROLF\ DQG SODQ
QLQJLPSDFWV
0&$ 0&$ 0&$ 0&$
7KH $3$65RDG VWXG\ LQYROYHV OLNH WKH (85(7 VWXG\ D VWHSZLVH SURFHGXUH $
PLQLPXP HYDOXDWLRQ LQFOXGHV WKH FRUH LPSDFWV PDQGDWRU\ LQ WKH FDVH RI (85(7
ZKHUHDVWKHRWKHUVPD\EHDGGHGLISRVVLEOHRUUHOHYDQW)XUWKHUPRUHWKH$3$65RDG
VWXG\VSHFLILFDOO\VXJJHVWVDQHYDOXDWLRQDSSURDFKPDGHXSRIFRVWEHQHILWDQDO\VLV&%$
DQG RI PXOWLFULWHULD DQDO\VLV 0&$ 7KH GLYLVLRQ ZDV PDGH GXH WR WKH SUREOHPV RI
SURSHUO\DVVHVVLQJWKHHFRQRPLFYDOXHRIWKHQRQFRUHLPSDFWV
7KHSURMHFWDSSUDLVDO LVFRQVHTXHQWO\DPDLQO\0&$EDVHGDSSURDFKZLWKDQHOHPHQWRI
&%$3URMHFW HIILFLHQF\PHDVXUHGE\ WKH&%$ZKLFKZLOO WKHQHQWHU DV D VLQJOH LPSDFW
LQWRDEURDGHU0&$DSSURDFK7KLVDSSURDFKLVGLVFXVVHGLQPRUHGHWDLOLQFKDSWHU
 7+(1&+53$3352$&+
,Q$PHULFD WKH ,QWHUPRGDO 6XUIDFH 7UDQVSRUWDWLRQ (IILFLHQF\ $FW ,67($ZDV SDVVHG
LQWRODZLQ7KHDFWJRYHUQVKRZWKH86JRYHUQPHQWVSHQGVPRQH\RQWUDQVSRUW
LQIUDVWUXFWXUH,67($UHTXLUHVRIORFDOJRYHUQPHQWDSSO\LQJIRUJRYHUQPHQWDOIXQGLQJWR
SUHVHQWDSODQIRUDWUDQVSRUWV\VWHPLQYROYLQJDOOPRGHV7KHDSSURDFKHVXVHGE\ ORFDO
JRYHUQPHQWV WR FRPSO\ ZLWK WKLV UHTXLUHPHQW ZHUH QRW XQLIRUP LQ DQ\ ZD\ ,W ZDV
UHFRJQLVHG WKDW D FRPPRQ V\VWHP IRU PXOWLPRGDO SURMHFW HYDOXDWLRQ ZDV UHTXLUHG $
1&+53 VWXG\ ZDV LQDXJXUDWHG ZLWK WKLV SXUSRVH 5XWKHUIRUG 6 HW DO  7KH
FRQFOXVLRQ VXJJHVWV DQ DSSURDFK VLPLODU WR WKH JXLGHOLQHV RI WKH 86 'HSDUWPHQW RI
7UDQVSRUWDWLRQDVVHHQEHORZ
3DJH $SSHQGL[$
&ODXV5HKIHOG
7DEOH &ODVVLILFDWLRQRIFULWHULDFDWHJRULHVOLVWHGZLWKW\SLFDOFULWHULDIRUGHILQLWLRQ&RPSLOHGIURP5XWK
HUIRUGHWDO
*(1(5$/&$7(*25< &5,7(5,$
7UDQVSRUWDWLRQ6\VWHP
3HUIRUPDQFH
+LJKZD\OHYHORIVHUYLFH$)
0RELOLW\ 0RELOLW\RSWLRQV,PSURYHGPRYHPHQWRISHRSOH
$FFHVVLELOLW\ ZLWKLQPLQXWHV7UDQVLWDQGKLJKZD\VSHHGV
6\VWHP'HYHORSPHQW&R
RUGLQDWLRQDQG,QWHJUDWLRQ
7HUPLQDOWUDQVLWLRQV5HJLRQDOLPSRUWDQFHSURMHFWVLQH[LVWLQJSODQV
/DQG8VH &RPSDWLELOLW\ZLWKODQGXVHSODQV*URZWKLQGXFHPHQW
)UHLJKW 5HGXFHGJRGVPRYHPHQWFRVWV
6RFLRHFRQRPLF +RPHVRUEXVLQHVVHV GLVSODFHG0D[LPLVH HFRQRPLF EHQHILW+LVWRULF LPSDFWV
&RQVWUXFWLRQHPSOR\PHQW
(QYLURQPHQWDO $LUTXDOLW\QRLVHVHQVLWLYHDUHDVUHGXFWLRQRIHPLVVLRQV$UHDVZLWKG%RU
PRUH
(QHUJ\ (QHUJ\FRQVXPSWLRQ
6DIHW\DQGVHFXULW\ $QQXDODFFLGHQWVE\PRGH6DIHW\UDWLQJV
(TXLW\ (TXLW\RIEHQHILWDQGEXUGHQ
&RVWVDQGFRVWHIIHFWLYH
QHVV
7UDYHO WLPH VDYLQJV9HKLFOHRSHUDWLQJFRVWV2SHUDWLRQ DQGPDLQWHQDQFH FRVW
FDSLWDO FRVWV1HW EHQHILWV7RWDO FRVW SHU GDLO\ SHUVRQPLOHV RI WUDYHO &DSLWDO
FRVWSHUKRXURIGDLO\ WUDYHO WLPH VDYLQJV$GGLWLRQDO MREVDFFHVVLEOHZLWKLQ
PLQXWHVSHUSURMHFWFRVW
)LQDQFLDO$UUDQJHPHQWV )XQGVUHTXLUHG)XQGLQJIHDVLELOLW\%XLOGRSHUDWH3XEOLFSULYDWHVRXUFHV
,QVWLWXWLRQDOIDFWRUV (DVHRIVWDJLQJDQGH[SDQVLRQ1RQLPSOHPHQWLQJDJHQF\VXSSRUW
2WKHU )DWDOIODZ5LJKWRIZD\RSSRUWXQLWLHV(QIRUFHPHQW5HFUHDWLRQ
5XWKHUIRUGHWDOQRWHWKDWLWKHUHLVDVXEVWDQWLDOQHHGIRULQFUHDVHGXQGHUVWDQG
LQJRIZKDW KDV KHUH EHHQ WHUPHG VWUDWHJLFPRELOLW\ PXOWLPRGDOPRELOLW\ DQG LL WKH
WDEOHVUHYHDOWKDWWKHSHUIRUPDQFHPHDVXUHVPD\EHUHGXQGDQWLQYROYHGRXEOHFRXQWLQJ
 7+((81(7*(1(5,&08/7,02'$/)5$0(:25.6
7KH(81(7VWXG\ LV WKHPRVW UHFHQW VWXG\ IXQGHGE\ WKH(XURSHDQ&RPPLVVLRQ WKDW
LQYROYHVWKHVSHFLILFDWLRQRIDQHYDOXDWLRQSURFHGXUH
7KH(85(7&RQFHUWHG$FWLRQ6WXG\SURYLGHGD FRQVLVWHQW FROOHFWLRQRI(XURSHDQ
HYDOXDWLRQ IUDPHZRUNV RUPHWKRGRORJLHV FRQFHUQLQJ URDG UDLOZD\ ZDWHUZD\ DQG LQWHU
PRGDO LQYHVWPHQWV&(&D&(&E&(&F&(&G&(&H
7KHVH UHSRUWV DWWHPSWHG WR FODULI\ LPSDFWV DQG WKHLU LQFLGHQFH IRU HDFK PRGH 7KH
(81(7 VWXG\ LV VSHFLILFDOO\PXOWLPRGDO DLPLQJ DW GHYHORSLQJ D SDQ(XURSHDQPXOWL
PRGDOHYDOXDWLRQPHWKRGRORJ\ZLWKDFRQVLVWHQWGHWHUPLQDWLRQRILQFLGHQFHJURXSV&(&
I 7KH PDLQ HPSKDVLV LV RQ SDVVHQJHU WUDQVSRUW EXW JRRGV WUDQVSRUW LV HTXDOO\
LQFOXGHG7KHPRGHVLQFOXGHGLQWKLVSUHVHQWDWLRQRIWKH(81(7IUDPHZRUNVDUH
• 5RDGV
 ,QWHUXUEDQFDUORUU\DQGEXVWUDQVSRUWDWLRQ
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
• 5DLOZD\V
 ,QWHUXUEDQUDLOKLJKVSHHGUDLO
• $LUSRUWV
 0DMRUDLUSRUWGHYHORSPHQWRUH[WHQVLRQ
• ,QWHUPRGDO
 0DMRULQWHUPRGDOLQIUDVWUXFWXUHGHYHORSPHQWRUH[WHQVLRQ
:DWHUZD\VDQGVKRUWVHDVKLSSLQJDUHDOVRLQFOXGHGLQWKH(81(7IUDPHZRUNVEXWWKHVH
DUHQRWGLVFXVVHGKHUH$LUSRUWVDQGLQWHUPRGDOLQIUDVWUXFWXUHDUHERWKQRGDOLQYHVWPHQWV
WKDW IDFLOLWDWH LQWHUFKDQJH EHWZHHQ WKH PRGHV 7KH\ DUH QRW RQO\ LPSRUWDQW IRU WKH
HIILFLHQF\RIWKHHQWLUHWUDQVSRUWV\VWHPEXWHTXDOO\FRQVWLWXWH LQIUDVWUXFWXUHWKDW LVTXLWH
GLIIHUHQWIURPWUDGLWLRQDOOLQNEDVHGWUDQVSRUWLQIUDVWUXFWXUH
$LUSRUWVKDYHEHHQVHSDUDWHGIURPWKHRWKHUQRGDOIUDPHZRUNVGXHWRWKHLPSRUWDQFHRI
DLU WUDQVSRUW IRU ORQJ GLVWDQFH WUDYHO DQG GXH WR WKH VSHFLILFV FRQFHUQLQJ DLU WUDQVSRUW
RSHUDWLRQV
• $LUSRUWVDUHDSROLWLFDOO\YLHZHGDVDVSHFLDOW\SHRILQWHUPRGDOLQIUDVWUXFWXUH
 'XHWRWKHLUVKHHUVL]HWKH\UHFHLYHVLJQLILFDQWQDWLRQDODQGLQWHUQDWLRQDODWWHQWLRQWKDWMXVWLI\
DVSHFLDOWUHDWPHQW
• 3DVVHQJHUGHILQLWLRQDQGGHVFULSWLRQVWUDGLWLRQVDUHGLIIHUHQW
 $WUDGLWLRQDOGLYLVLRQRIWUDYHOOHUVUHODWHVWRWKHWULSSXUSRVHVXFKDVZRUNLQJFRPPXWLQJDQG
OHLVXUHWULSV7KHSHUFHQWDJHRI¶ZKLWHFROODU·EXVLQHVVWULSVLVIDUJUHDWHUWKDQZLWKDQ\RWKHU
PRGH
• $LUSRUWVDUHQRGDOSRLQWVLQZKLFKWKHFDSDFLW\RIGHSDUWXUHLVOLPLWHG
 $LUSRUWGHSDUWXUHFDSDFLW\LVGHSHQGHQWRQWKHHIILFLHQF\RIWKHWD[LLQJURXWHVWKHQXPEHURI
UXQZD\VDQGWKHVDIHW\V\VWHPVWKDWJXLGHWKHP7KLVLVRQO\DOVRUHOHYDQWWRUDLOZD\VWDWLRQV
WKDWDUHGHDOWZLWKLQFRQQHFWLRQWRWKHUDLOZD\VOHVVLWLVDQLQYHVWPHQWVROHO\UHODWLQJWRWKH
WHUPLQDOZKLFKLVDQLQWHUPRGDOLQYHVWPHQW
&RDFKHVSOD\ DYLWDO UROH LQ UHJLRQDOSDVVHQJHU WUDQVSRUW LQ VRPH DUHDV EXW FRDFKHV DUH
GLVUHJDUGHGLQWKLVFRQWH[W
 '(7(50,1$7,212))5$0(:25.9$5,$176
7UDQVSRUWLQLWLDWLYHV7,FDQEHVHHQDVVSDQQLQJDUDQJHRIPRGHRULHQWDWLRQVURDGUDLO
ZDWHUZD\V DLU LQWHUPRGDO GRPDLQ RULHQWDWLRQV LQIUDVWUXFWXUH$77 SROLF\ SODQQLQJ
FRQWH[WVXUEDQLQWHUXUEDQDQGJHRJUDSKLFVFDOHVVPDOOPHGLXPVL]HGODUJH/HOHXUHW
DO(DFKFRPELQDWLRQRIWKHVHUHTXLUHVDIUDPHZRUNYDULDQW)97KLVOHDGVWRWKH
IROORZLQJFRPELQDWLRQRIIUDPHZRUNYDULDQWV
7DEOH $VSHFLILF7,LVGHWHUPLQHGE\PRGHRULHQWDWLRQURDG UDLO DLU  LQWHUPRGDO ,W
PD\DOVREHGLYLGHGE\GRPDLQRULHQWDWLRQLQIUDVWUXFWXUH$77SROLF\EXWRQO\WKHLQIUDVWUXF
WXUHSDUWLVUHSURGXFHGKHUHEDVHGRQ/HOHXUHWDO
02'( ,1)5$6758&785(
5RDG 7,
5DLO 7,
$LU 7,
3DJH $SSHQGL[$
&ODXV5HKIHOG
,QWHUPRGDO 7,
$VFRQFHUQVWKHVWUXFWXULQJRIHDFK)9LWLVLPSRUWDQWWRDGRSWDVXEGLYLVLRQRILPSDFWV
ZKLFKFRPSOLHVZLWK WKHVHWRI WUDQVSRUW LQLWLDWLYHVDV OLVWHGSUHYLRXVO\ ,I WKH WHUPFRUH
IURPWKH$3$65RDGVWXG\LVDGRSWHGDVDQLPSDFWFDWHJRU\RIEDVLFLPSRUWDQFHIRU
PDQ\WUDQVSRUWLQLWLDWLYHV7KHWHUPQRQFRUHQRQVWUDWHJLFLVGHILQHGWRFRPSULVH ¶VRIW·
PRGHVSHFLILFFKDUDFWHULVWLFV7KLV OHDGV WR WKHIROORZLQJJHQHULF LPSDFWVXEGLYLVLRQDV
XVHGLQ(81(7ZLWKWKHVWUDWHJLFLPSDFWVVSOLWLQWRWHUULWRULDODQGQRQWHUULWRULDOLPSDFWV
• &RUHLPSDFWV
 %DVLFLPSDFWV$LPSDFWV
• 1RQFRUHQRQVWUDWHJLFLPSDFWV
 0RGHVSHFLILFLPSDFWV%LPSDFWV
• 6WUDWHJLFWHUULWRULDOLPSDFWV
 ,PSDFWVZLWKWHUULWRULDODIILOLDWLRQ&LPSDFWV
• 6WUDWHJLFQRQWHUULWRULDOLPSDFWV
 2WKHUVWUDWHJLFLPSDFWVZLWKQRWHUULWRULDODIILOLDWLRQ'LPSDFWV
7KHVH IRXU LPSDFW FDWHJRULHV URXJKO\ IROORZLQJ KDUG	 VRIW QRQVWUDWHJLF DQG KDUG	
VRIWVWUDWHJLF LPSDFWVFRQVWLWXWHDJHQHULFIUDPHZRUNZLWK$%&DQG'LPSDFWV7KLV
IUDPHZRUN DFFRPPRGDWHV WKH FXUUHQW GHYHORSPHQW RIPDNLQJ XVH RI*,6 LQ WUDQVSRUW
HYDOXDWLRQPRGHOOLQJ 7HUULWRULDO DIILOLDWLRQ UHIHUV WR LPSDFWV ZKRVH HIIHFWV DUH H[WHUQDO
ZLWKUHVSHFWWRWKHWUDQVSRUWQHWZRUNDQGWKHWUDQVSRUWIORZ
 (9$/8$7,21678'<$3352$&+
,QWKHDSSOLFDWLRQRIVHJUHJDWHGHYDOXDWLRQIUDPHZRUNVRIWKHW\SHGHYHORSHGLQ(81(7
WKHLVVXHFRQFHUQLQJWKHVHOHFWLRQRISULPDU\PRGHLVKLJKO\LPSRUWDQW$VZLOOEHQRWHG
WKH&LPSDFWVDUHWKHVDPHIRUDOOIUDPHZRUNVDQGQHDUO\DOOWKH'LPSDFWVDUHFRPPRQ
2I WKH&LPSDFWVDW OHDVW WKHVWUDWHJLFPRELOLW\DQGVWUDWHJLFHFRQRPLFGHYHORSPHQWDUH
PXOWLPRGDOLQWKHVHQVHWKDWWKH\GRQRWUHODWHWRDQ\VSHFLILFPRGH7KH\DUHFRQFHUQHG
ZLWKHLWKHUWKHHIILFLHQF\RIWKHWUDQVSRUWV\VWHPVWUDWHJLFPRELOLW\VHHHJ.URQEDN-
 RU WKH UHJLRQDOQDWLRQDO HFRQRPLF HIIHFWV VWUDWHJLF HFRQRPLF GHYHORSPHQW $V
FRQFHUQVWKH'LPSDFWVWKH\DUHLQLWLDWLYHVSHFLILFLQWKHVHQVHWKDWWKH\RQO\UHODWHWRWKH
SULPDU\PRGH$VDUXOHWKH&DQG'LPSDFWVDUHQRWDGGLWLYHDFURVVPRGHV ZLWK WKH
SRVVLEOHH[FHSWLRQRIVWUDWHJLFHQYLURQPHQWGHSHQGLQJRQWKHPRGHOOLQJDSSURDFK
 $127(217(55,725,$/,03$&76
7KHGLYLVLRQRIWKHVWUDWHJLF LPSDFWV LQWRWZRJURXSV LVD ORJLFDOGHYHORSPHQW IROORZLQJ
WKHLQFUHDVLQJXVHRIJHRJUDSKLFDO LQIRUPDWLRQV\VWHPV*,6IRU LPSDFWDVVHVVPHQWVHH
HJ%DWW\05HKIHOG& 1LHOVHQ2$	5HKIHOG& 5HKIHOG&
 .URQEDN -  ,PSDFWV ZLWK WHUULWRULDO DIILOLDWLRQ UHODWH WR GLIIHUHQW VSDWLDO
DJJUHJDWLRQ OHYHOV IURP WKH YHU\ ORFDO QRLVH LPSDFW WR WKH WUDQVQDWLRQDO DFFHVVLELOLW\
PRGHOV ,PSDFWV ZLWK WHUULWRULDO DIILOLDWLRQPD\ EHQHILW IURP EHLQJ HPEHGGHG LQ D*,6
PRGHOOLQJVWUXFWXUH7KHWHUULWRULDOLPSDFWVRUGHUHGE\WKHLUOHYHORIDJJUHJDWLRQLVVHHQLQ
7DEOHEHORZ
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
7DEOH 7KH WUDQVSRUW H[WHUQDO LPSDFWV OLVWHG E\ WKHLU WHUULWRULDO DIILOLDWLRQ WKH DJJUHJDWLRQ OHYHO RI WKH
LPSDFWWKHLPSDFWPHDVXUHDQGWKHSRVVLEOHPRGHOOLQJDSSURDFKIRUHDFKRIWKHLPSDFWV
75$163257(;7(51$/())(&76
$**5(*$7,21
/(9(/
,03$&7 3266,%/(,03$&7
0($685(
3266,%/(02'(//,1*$3352$&+
/RFDO 1RLVH 6%7 *,6EDVHG5HKIHOG&
$LU3ROOXWLRQ .J,QKDE\HDU *,6EDVHG5HKIHOG&6HHDSSHQGL[
%
6HYHUDQFH %5%7 *,6EDVHG5HKIHOG&VHYHUDQFH
QXPEHU
(FRORJLFDOLPSDFW 'HVFULSWLYH 3RLQWVFDOH
9LVXDOLPSDFW .PGHVFULSWLYH *,6EDVHGSRLQWVFDOH
1DWLRQDO 0RELOLW\ 3RLQWHU876 *,6EDVHG&KDWHOXV*	8OLHG$
.URQEDN-
/DQGXVH 'HVFULSWLYH *,63UHVHQWDWLRQSRLQWVFDOH
7KHULYHO5	3DUWLGDULR05
(FRQRPLF
GHYHORSPHQW
(FRQRPLFEHQHILW *,6SUHVHQWDWLRQSRLQWVFDOH
SUR[\YDULDEOH&KULVWHQVHQHWDO
(XURSHDQ8QLRQ 0RELOLW\ 3RLQWHU876 *,6EDVHG&KDWHOXV*	8OLHG$
.URQEDN-
6WUDWHJLFHQYLURQ
PHQW(QHUJ\
FRQVXPSWLRQ
7RWDOHPLVVLRQV
7RQQHV\HDU
*,6SUHVHQWDWLRQHQHUJ\FRQVXPSWLRQE\
UHJLRQRUSRSXODWLRQ
(FRQRPLF
GHYHORSPHQW
(FRQRPLF *,6SUHVHQWDWLRQSRLQWVFDOH
SUR[\YDULDEOH&KULVWHQVHQHWDO
(TXLW\&RKHVLRQ
+DUPRQLVDWLRQ
'HVFULSWLYH876 *,6EDVHGGHVFULSWLYHSRLQWVFDOH

*OREDO 6WUDWHJLFHQYLURQ
PHQW(QHUJ\
FRQVXPSWLRQ
7RWDOHPLVVLRQV
7RQ\HDU
*,6SUHVHQWDWLRQHQHUJ\FRQVXPSWLRQEH
UHJLRQRUSRSXODWLRQ
7KH LQWHUYDOV LQ WKHGLYLVLRQRI LPSDFWDFFRUGLQJ WRDJJUHJDWLRQ OHYHO VKRXOGQRWEH WRR
QDUURZ7KH ULVNRI GRXEOH FRXQWLQJZLOO VLJQLILFDQWO\ LQFUHDVH DV WKH LQWHUYDOV GHFUHDVH
7KH OHYHO RI WHUULWRULDO DFFXUDF\ LV LQYHUVHO\ SURSRUWLRQDO WR WKH DJJUHJDWLRQ OHYHO IURP
ZKLFKWKHFRQVHTXHQFHLVUHYLHZHG,WLVDOVRQRWHGWKDWDVDJJUHJDWLRQOHYHOLQFUHDVHVWKH
LPSDFW PRGHOOLQJ DSSURDFK WHQGV WR EH LQFUHDVLQJO\ GHVFULSWLYH 'HVSLWH VLJQLILFDQW
UHVHDUFKWKHJOREDOLPSDFWVDUHVWLOOSRRUO\XQGHUVWRRGDQGYLUWXDOO\QRSUDFWLFDOPRGHOOLQJ
DSSURDFKHVDUHDYDLODEOH
 7+((81(7)5$0(:25.6
7KH (81(7 IUDPHZRUNV DUH PDGH XS RI WZR PDLQ WDEOHV VHWWLQJ XS WKH IUDPHZRUN
VWUXFWXUH 2QH WDEOH LV FRQFHUQHG ZLWK UHOHYDQW YDULDEOHV IRU HDFK LPSDFW ZKHUHDV WKH
RWKHU LV FRQFHUQHGZLWK WKHPHDVXUHPHQW DQG YDOXDWLRQPHWKRGV2QO\ WKH WDEOHV FRQ
FHUQHGZLWKYDULDEOHVDUHUHSURGXFHGKHUH
3DJH $SSHQGL[$
&ODXV5HKIHOG
 52$',1)5$6758&785()5$0(:25.
7DEOH (81(7IUDPHZRUNIRULQWHUXUEDQURDGLQIUDVWUXFWXUHSURMHFWV9DULDEOHV/HOHXUHWDO
)9,
/06
5RDGLQIUDVWUXFWXUHSURMHFWW\SHV
9$5,$%/(6
,PSDFWV ,QWHUXUEDQ
&RUHLPSDFWV
$ ,QYHVWPHQWFRVWV Materials, labour, land and property acquisition (including compensa-
tion)
$ 6\VWHPRSHUDWLQJDQGPDLQWHQDQFHFRVWV Structural repairs, carriageway delineation, signing, enforcement of
traffic regulations
$ 9HKLFOHRSHUDWLQJFRVWV Fuel and oil consumption, tyre wear, vehicle maintenance, depreciation
$ 7UDYHOWLPHEHQHILWV Working time, home-work time and leisure time
$ 6DIHW\ Fatalities, severe and slight injuries, damage only accidents
$ /RFDOHQYLURQPHQW Noise and air pollution, severance
1RQFRUHQRQVWUDWHJLFLPSDFWV
% 'ULYHUFRQYHQLHQFH Comfort, stress, smoothness
% 8UEDQTXDOLW\	ODQGVFDSH Visual environment
6WUDWHJLFWHUULWRULDOLPSDFWV
& 6WUDWHJLFPRELOLW\ Accessibility and networks
& 6WUDWHJLFHQYLURQPHQW Greenhouse effect, strategic atmospheric pollution, loss and damage of
ecological, historical, archaeological and scientific sites, energy
consumption, natural resources
& 6WUDWHJLFHFRQRPLFGHYHORSPHQW Land use, economic development, employment impact
6WUDWHJLFQRQWHUULWRULDOLPSDFWV
' 3ULYDWHILQDQFLDODWWUDFWLYHQHVV Financial internal rate of return, net present value or equal
' 2WKHUVWUDWHJLFSROLF\DQGSODQQLQJLPSDFWV Conformity to other strategic policy and planning concerns
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
 5$,/,1)5$6758&785()5$0(:25.
7DEOH (81(7IUDPHZRUNIRULQWHUXUEDQUDLOLQIUDVWUXFWXUHSURMHFWV9DULDEOHV/HOHXUHWDO
)9,
/06
5DLOZD\LQIUDVWUXFWXUHSURMHFWW\SHV
9$5,$%/(6
,PSDFWV ,QWHUXUEDQ
&RUHLPSDFWV
$ ,QYHVWPHQWFRVWV Materials, labour, land and property acquisition (including compensation),
rolling stock
$ 6\VWHPRSHUDWLQJDQGPDLQWHQDQFHFRVWV Track and structure repair, signalling, rolling stock
$ 7UDLQRSHUDWLQJFRVWV Fuel/power, crew costs, terminal costs, track costs, depreciation and interest,
train planning, administration, advertising and publicity
$ *HQHUDOLVHGQHWXVHUEHQHILWV Time savings and quality effects to working, home-work and leisure trips and
freight transport, change in fare and shipment prices
$ 6DIHW\ Fatalities, severe and slight injuries, damage only accidents
$ /RFDOHQYLURQPHQW Noise and air pollution, severance, vibration
$ 5HYHQXH Change in income on passengers and freight
1RQFRUHQRQVWUDWHJLFLPSDFWV
% 3XEOLFWUDQVSRUWIDFLOLWLHV Perception of the facilities while arriving, changing and waiting
% 8UEDQTXDOLW\	ODQGVFDSH Visual environment
6WUDWHJLFWHUULWRULDOLPSDFWV
& 6WUDWHJLFPRELOLW\ Accessibility and networks
& 6WUDWHJLFHQYLURQPHQW Greenhouse effect, strategic atmospheric pollution, loss and damage of
ecological, historical, archeological and scientific sites, energy consumption,
natural resources
& 6WUDWHJLFHFRQRPLFGHYHORSPHQW Land use, economic development, employment impact
6WUDWHJLFQRQWHUULWRULDOLPSDFWV
' 3ULYDWHILQDQFLDODWWUDFWLYHQHVV Financial internal rate of return, net present value or equal
' 7HFKQRORJ\GHYHORSPHQW New technology
' 2WKHUVWUDWHJLFSROLF\DQGSODQQLQJ
LPSDFWV
Conformity to other strategic policy and planning concerns
3DJH $SSHQGL[$
&ODXV5HKIHOG
 ,17(502'$/,1)5$6758&785()5$0(:25.
7DEOH (81(7IUDPHZRUNIRULQWHUPRGDOSURMHFWV/HOHXUHWDO
)9,
/06
,QWHUPRGDOSURMHFWV
9$5,$%/(6
,PSDFWV ,QWHU8UEDQ
&RUHLPSDFWV
$ ,QYHVWPHQWFRVWV Materials, labour, land and property acquisition (including compensation),
construction infrastructure, plant & machinery, goods handling sorting
equipment, special vehicles or boats, telematics (hardware and software),
telecommunications etc.
$ 6\VWHPRSHUDWLQJDQGPDLQWHQDQFHFRVWV Improved nodal centre operating efficiency
$ 9HKLFOHRSHUDWLQJ	PDLQWHQDQFHFRVWV Changes in costs of ownership and operation incl. Depreciation,  fuel
consumption, etc.
$ *HQHUDOLVHGQHWXVHUEHQHILWV Time savings and quality effects to working, home-work and leisure trips and
freight transports (access time, waiting time, handling time), change in fare and
shipment prices
$ 6DIHW\ Fatalities, severe and slight injuries, damage only accidents
$ /RFDOHQYLURQPHQW Noise, air pollution
$ 5HYHQXH Income from sales of services, rent of facilities, etc.
1RQFRUHQRQVWUDWHJLFLPSDFWV
% 3DVVHQJHUFRPIRUW Perception of conditions for changing (transit time, distance, comfort,
accessibility), facilities while waiting, passability
% 8UEDQTXDOLW\	ODQGVFDSH Visual environment
% *RRGVKDQGOLQJ Perception of facilities for goods and express freight
6WUDWHJLFWHUULWRULDOLPSDFWV
& 6WUDWHJLFPRELOLW\ Accessibility and networks
& 6WUDWHJLFWHUULWRULDOHQYLURQPHQW Loss and damage of ecological, historical and archaeological and scientific
sites, natural resources
& 6WUDWHJLFHFRQRPLFGHYHORSPHQW Land use, economic development, employment impact (direct employment at
node, construction employment at node, generated employment in locality)
6WUDWHJLFQRQWHUULWRULDOLPSDFWV
' 3ULYDWHILQDQFLDODWWUDFWLYHQHVV Financial internal rate of return, net present value or equal
' 7HFKQRORJ\GHYHORSPHQW New technology
' 2WKHUVWUDWHJLFSROLF\DQGSODQQLQJ
LPSDFWV
Conformity to larger sector plans, peripherality/distribution, cross border transit
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
 $,53257'(9(/230(17$1'(;7(16,21)5$0(:25.
7DEOH (81(7IUDPHZRUNIRUDLUSRUWGHYHORSPHQWDQGH[WHQVLRQ9DULDEOHV/HOHXUHWDO
)9,
/0
$LUSRUWGHYHORSPHQWDQGH[WHQVLRQ
9$5,$%/(6
,PSDFWV ,QWHUXUEDQ
&RUHLPSDFWV
$ ,QYHVWPHQWFRVWV Materials, labour, land and property acquisition (including compensation),
equipment
$ 6\VWHPRSHUDWLQJDQGPDLQWHQDQFHFRVWV Repair work and current maintenance, traffic control, staff costs and
surveillance
$ $LUOLQHRSHUDWLQJDQGPDLQWHQDQFHFRVWV Fuel, crew costs, terminal costs, maintenance, depreciation and interest,
planning, administration, advertising and publicity
$ *HQHUDOLVHGQHWXVHUEHQHILWV Time savings and quality effects to business and leisure trips and freight
transports (access time to airport, handling time, holding/taxiing time), change
in fare and shipment prices
$ 6DIHW\ Accident statistics, types of safety systems
$ /RFDOHQYLURQPHQW Noise and air pollution, soil and ground water
$ 5HYHQXH Change in income on passengers and freight
1RQFRUHQRQVWUDWHJLFLPSDFWV
% 3DVVHQJHUFRPIRUW Perception of the nodal point facilities while arriving, in transfer and waiting
% 8UEDQTXDOLW\	ODQGVFDSH Visual environment
% *RRGVKDQGOLQJ Perception of facilities for goods and express freight
6WUDWHJLFWHUULWRULDOLPSDFWV
& 6WUDWHJLFPRELOLW\ Accessibility and networks
& 6WUDWHJLFHQYLURQPHQW Greenhouse effect, strategic atmospheric pollution, loss and damage of
ecological, historical, archaeological and scientific sites, energy consumption,
natural resources
& 6WUDWHJLFHFRQRPLFGHYHORSPHQW Land use, economic development, employment impact
6WUDWHJLFQRQWHUULWRULDOLPSDFWV
' 3ULYDWHILQDQFLDODWWUDFWLYHQHVV Financial internal rate of return, net present value or equal
' 7HFKQRORJ\GHYHORSPHQW New technology
' 2WKHUVWUDWHJLFSROLF\DQGSODQQLQJ
LPSDFWV
Conformity to other strategic policy and planning concerns (CTP deregulation,
etc.)
 '(7(50,1$7,212),1&,'(1&(*52836
$QLQFLGHQFHJURXSFRPSULVHVHLWKHUDJURXSRISHRSOHRUDQRUJDQLVDWLRQLQFOXGLQJWKH
JRYHUQPHQWZKLFKLVHLWKHUSDUWLFLSDQWLQWKHWUDQVSRUWVHFWRURUDIIHFWHGE\WKHH[WHUQDO
HIIHFWVRIWKHWUDQVSRUWVHFWRU7KHVSHFLILFDWLRQRIWKHVHLQFLGHQFHJURXSVLVDVPHQWLRQHG
EHFRPLQJLQFUHDVLQJO\LPSRUWDQWLQSURMHFWDSSUDLVDO%RWKEHFDXVHRIWKH LPSRUWDQFHRI
EHLQJDEOH WR FODULI\ZKRP WKHEHQHILFLDULHV DQG WKHEHDUHUV RI FRVW VWHPPLQJ IURP DQ
LQLWLDWLYHDUHEXWHTXDOO\ZHOOWRGXHWRWKHLQWHQVLI\LQJGHUHJXODWLRQRIWKHWUDQVSRUWVHFWRU
IROORZLQJ(&GLUHFWLYH7KHLQFLGHQFHJURXSVPD\LQJHQHUDOEHGLYLGHGLQWRWZR
PDLQFDWHJRULHV
3DJH $SSHQGL[$
&ODXV5HKIHOG
• 7UDQVSRUWLQWHUQDO
• 7UDQVSRUWH[WHUQDO
(DFKRIWKHVHZLOOEHGLVFXVVHGLQWKHIROORZLQJ
 75$163257,17(51$/
,W LV QRW RQO\ WKH TXDOLWLHV RI WKH GLIIHUHQW WUDQVSRUWPRGHV WKDW GLVWLQJXLVK WKHP 7KH
RUJDQLVDWLRQ DURXQG HDFK PRGH RI WUDQVSRUWDWLRQ LV TXLWH GLIIHUHQW 6HYHUDO DFWRUV DUH
LQYROYHGDQGVXUSULVLQJO\HQRXJKURDGWUDQVSRUWPD\LQIDFWEHUHJDUGHGDVDVSHFLDODQG
VLPSOHUFDVHRIUDLOWUDQVSRUW,QUDLOSDVVHQJHUWUDQVSRUWWKHUHDUHWKUHHLQFLGHQFHJURXSV
• 7KHSURYLGHURILQIUDVWUXFWXUH
• 7KHRSHUDWRURIWKHWUDLQVHUYLFH
• 7KHWUDYHOOHURQWKHWUDLQ
7KH SURYLGHU PDLQWDLQV WKH UDLO LQIUDVWUXFWXUH WKH RSHUDWRU UXQV WKH WUDLQV RQ WKH UDLO
WUDFNVDQGWKHWUDYHOOHUSD\VIRUWKHVHUYLFHWKHJRYHUQPHQWPD\LQFOXGHVRPHVXEVLGLHV
,WLVLPSRUWDQWWRVSHFLI\WKHERXQGDULHVEHWZHHQWKHUDLOZD\RSHUDWRUDQGWKHLQIUDVWUXF
WXUHSURYLGHULQDQHYDOXDWLRQ7KHFRVWFRPSRQHQWVWKDWFRQFHUQWKHLQIUDVWUXFWXUHDQG
WKRVHWKDWFRQFHUQWKHWUDLQRSHUDWLRQVDUHQRWXQLIRUPO\GLVWULEXWHGEHWZHHQUROOLQJVWRFN
DQG IL[HG LQVWDOODWLRQV 6SHFLDO GHSHQGHQFLHV EHWZHHQ LQYHVWPHQWV LQ LQIUDVWUXFWXUH DQG
UROOLQJVWRFNH[LVWZKLFKPDNHVWKHRUJDQLVDWLRQDOVHWXSVGLIIHUHQWIRUGLIIHUHQWFRXQWULHV
%UX]HOLXV1-HQVHQ$	6M|VWHGW/7KHIUHHGRPRIFKRLFHRIUROOLQJVWRFNRI
WKH RSHUDWRU LV LQ IDFW OLPLWHG E\ WKH FKRLFH RI WKH SURYLGHU FRQFHUQLQJ HJ VLJQDOOLQJ
V\VWHP6RPHLPSRUWDQWQRWHVRIFRQFHUQDUH
• 7KHVSDWLDOGLVVLSDWLRQLVOLPLWHGWRWKHUDLOZD\QHWZRUNRZQHGE\WKHSURYLGHU
• 7KHFKRLFHLQUROOLQJVWRFNLVJRYHUQHGE\WKHSURYLGHUVFKRLFHLQWUDFNZLGWKSRZHU
VROXWLRQVHFXULW\V\VWHPHWF
• 7KHSRWHQWLDOQXPEHURISDVVHQJHUVLVLQIOXHQFHGE\WKHVWDWLRQOD\RXWDQGLQWHUFKDQJH
SRVVLELOLWLHVZKLFKPD\EHRZQHGE\WKHSURYLGHU
• 7KH HIILFLHQF\ UHJXODULW\ GHOD\V HWF RI WKH WUDLQ V\VWHP LV JRYHUQHG E\ WKH WUDLQ
VHFXULW\V\VWHPEORFNGLVWDQFHHWFZKLFKPD\EHRZQHGE\WKHSURYLGHU
&RQVHTXHQWO\WKHFRVWFRPSRQHQWVUHODWLQJWRWKHPDLQWHQDQFHDQGRSHUDWLQJKDYHEHHQ
GLYLGHG LQWRRQH FRQFHUQLQJ WKH LQIUDVWUXFWXUH DQG DQRWKHU FRQFHUQLQJ WKH WUDLQ RSHUD
WLRQV1RGLVWLQFWLRQKDVEHHQPDGHEHWZHHQWKHLQYHVWPHQWFRVWVRIWKHSURYLGHUDQGWKH
RSHUDWRUGXHWRWKHVSHFLDOGHSHQGHQFLHVEHWZHHQLQYHVWPHQWVLQLQIUDVWUXFWXUHDQGUROOLQJ
VWRFN
)XUWKHUPRUHDVWKHWUDYHOOHUSD\VDIHHWRDQRSHUDWRUIRUWKHWUDQVSRUWVHUYLFHWKHUHPD\
DFFUXHEHQHILWVEH\RQGWKHVLPSOHWUDQVIHUSD\PHQWEHWZHHQWZRLQFLGHQFHJURXSV&(&
E5R\5
'HSHQGHQFLHV DV WKRVH LQGLFDWHG DUH PRUH YDJXH LQ WKH URDG VHFWRU ,Q OLJKW RI WKLV
GLVFXVVLRQURDGWUDQVSRUWLVDVSHFLDOFDVHDVWKHRSHUDWRUDQGWKHWUDYHOOHULVRQHDQGWKH
VDPH&RQVHTXHQWO\QRWUDQVIHUSD\PHQWVGRRFFXULQWKHVLPSOHFDVH,QWKHFDVHRIWKH
UHYLHZ RI D WROO URDG WKH VWUXFWXUH RI WKH UDLO IUDPHZRUNPXVW EH DSSOLHG LQ RUGHU WR
DFFRPPRGDWHWKHSRVVLEOHUHYHQXHEHQHILW
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
$V FRQFHUQV JRRGV WUDQVSRUW WKH SLFWXUH JHWV LQFUHDVLQJO\ FRPSOLFDWHG DV DQ DGGLWLRQDO
LQFLGHQFHJURXSDSSHDU6KLSSHUV FRPSULVH DYHU\EURDG JURXSGHPDQGLQJ JRRGV WREH
WUDQVSRUWHGZLWKRXWQHFHVVDULO\EHLQJRSHUDWRUVWKHPVHOYHV
,QFLGHQFHJURXSVKDYHLQHDUOLHUVRFLRHFRQRPLFVWXGLHVWRYDU\LQJGHJUHHVEHHQDSSDUHQW
7KH /RQGRQ DLUSRUW VWXG\ LQFOXGLQJ RQO\ VRFLDO FRVWV DWWHPSWHG WR FODULI\ ZKRP WKH
JDLQHUVDQGORVHUVZHUH7KLVZDVHTXDOO\DWWHPSWHGLQWKH0H[LFR&LW\DLUSRUWVWXG\'H
1HXIYLOOH5	.HHQH\5/)RUWKHVLWLQJRIWKHWKLUG/RQGRQDLUSRUWWKHVRFLDO
FRVWVUHODWHGWRWKHLQFLGHQFHJURXSVOLVWHGEHORZ%UX]HOLXV1-HQVHQ$	6M|VWHGW/

7DEOH 6RFLDO EHQHILW HOHPHQWV LQFOXGHG LQ WKH FRVWEHQHILW VWXG\ RI  FRQFHUQLQJ WKH ORFDWLRQ RI D
WKLUG/RQGRQDLUSRUW%UX]HOLXV1-HQVHQ$	6M|VWHGW/S
62&,$/%(1(),7(/(0(176 ,1&,'(1&(*5283 '(6&5,37,21
$LUVSDFHPRYHPHQWFRVWV$0& 8VHUV
&KDQJH LQ WKH DYHUDJH WUDYHO WLPH LQ WKH DLU
GHSHQGHQW RQ ORFDWLRQ %XVLQHVV OHLVXUH
FKLOGUHQDGXOWDFFRPSDQ\LQJ
3DVVHQJHUXVHUFRVWV38& 8VHUV
&KDQJHLQWKHDYHUDJHWUDYHOWLPHRQWKHJURXQG
%XVLQHVV OHLVXUH FKLOGUHQ DGXOW DFFRPSDQ\LQJ
SDLGGULYHUV
1RLVHFRVWV1& /RFDOUHVLGHQWV
1RLVH QXLVDQFH RI GZHOOLQJV LQ D ¶QRLVH ]RQH·
VXUURXQGLQJ WKH DLUSRUW GXH WR D UHGXFWLRQ LQ
DPHQLW\
2WKHU FRVWV LQFOXGLQJ FDSLWDO FRVWV
2&
6RFLHW\ 0DLQO\FDSLWDOFRVWV
7KHUHYLHZPDGH LQ WKH(81(7VWXG\ UHYHDOHG LQFRQVLVWHQFLHV LQ WKHGHWHUPLQDWLRQRI
ZKLFKJURXSVRILQGLYLGXDOVDJLYHQLQFLGHQFHJURXSLQFOXGH7KHWHUPXVHULVFRPPRQO\
DSSOLHGZLWKRXWGHILQLQJZKHWKHUWKLV LQYROYHVWUDYHOOHUVDQGRUVKLSSHUVRUKDVDQHYHQ
ZLGHULQWHUSUHWDWLRQ)RUHDFKLQYHVWPHQWW\SHWKHUHOHYDQWLQFLGHQFHJURXSVZHUHGHILQHG
DQGGHVFULEHG7KHV\QWKHVLVRIWKHILQGLQJVLVVHHQEHORZ
3DJH $SSHQGL[$
&ODXV5HKIHOG
7DEOH 0XOWLPRGDO GHWHUPLQDWLRQ DQG GHVFULSWLRQ RI LQFLGHQFH JURXSV UHOHYDQW WR LQWHUXUEDQ LQIUD
VWUXFWXUHSDVVHQJHUSURMHFWV&RPSLOHGRQWKHEDVLVRI&(&DHDQG/HOHXUHWDO
,1&,'(1&( 5(/(9$17 '(),1,7,21	'(6&5,37,21
*5283 72 02'(63(&,),& &20021
7UDQVSRUWLQWHUQDO
7UDYHOOHUV 5RDG 7UDYHOOHUV GLYLGHG LQWR RFFXSDQWV RI FDUV DQG
ORUULHV
5DLO
,QWHUPRGDO
$LUSRUWV 7KHZRUNLQJ WULSV DUH WUDGLWLRQDOO\ UHIHUUHG WR DV
%XVLQHVVWULSV+RPHZRUNWULSVDUHGLVFDUGHG
'LYLGHG E\ WULS
SXUSRVH :RUNLQJ
+RPHZRUN	  /HLVXUH
WULSV
6KLSSHUV 5RDG
5DLO
,QWHUPRGDO
$LUSRUWV
7KH JURXS UHTXHVWLQJ
JRRGVWUDQVSRUW
2SHUDWRUV 5RDG 7KH RSHUDWRU DQG WKH WUDYHOOHU LV WKH VDPH
LQGLYLGXDO
5DLO 'LIIHUHQW RUJDQLVDWLRQDO VHWXSV PD\ EH DSSOLHG
6LJQDOV DQG WHUPLQDOV PD\ EH YLHZHG DV LQIUD
VWUXFWXUH FRPSRQHQWV DQG WKXV RZQHG E\ WKH
SURYLGHURUYLFHYHUVD
,QWHUPRGDO
$LUSRUWV
7KH RSHUDWRU RIIHU
VHUYLFHVWRWUDYHOOHUVDQG
VKLSSHUV
3URYLGHUV 5RDG
5DLO 7KH UDLO LQIUDVWUXFWXUH LV GHILQHG DV 7UDFNV ODQG
VLJQDOV DQG WHUPLQDOV 6LJQDOV DQG WHUPLQDOV PD\
EHRZQHGE\WKHRSHUDWRU6HHDERYH
,QWHUPRGDO 7KHRZQHURIWKHODQGEXLOGLQJVDQGIDFLOLWLHV
$LUSRUWV 7KHRZQHURIWKHODQGEXLOGLQJVDQGIDFLOLWLHV
7KHRZQHUDQGSURYLGHU
RIWKHLQIUDVWUXFWXUH
 75$163257(;7(51$/
,QFLGHQFHJURXSGHILQLWLRQKDVEHFRPHLQFUHDVLQJO\ LQWHUHVWLQJGXHWRWKHSRVVLELOLWLHVRI
XVLQJ *,6 EDVHG PRGHOV DQG SUHVHQWDWLRQV :LWK VXFK PRGHOV LW LV SRVVLEOH HYDOXDWH
FRQVHTXHQFHV IRU HDFKGZHOOLQJRU DUHD DQG DV VXFK FODULI\ JDLQHUV DVZHOO DV ORVHUV$
GLPHQVLRQWRWKHVRFLRHFRQRPLFDQDO\VHVWKDWKDYHRQO\WRD OLPLWHGEHHQPDGHXVHRI
7KLVPD\EHGXHWRWKHGLIILFXOWLHVLQGDWDFROOHFWLRQDQGKDQGOLQJEXWHTXDOO\SURFHVVLQJ
FDSDELOLWLHV
*HQHULFPXLOWLPRGDOHYDOXDWLRQIUDPHZRUNV 3DJH
&ODXV5HKIHOG
7DEOH 'HWHUPLQDWLRQRIWKHWUDQVSRUWH[WHUQDOLQFLGHQFHJURXSV&RPSLOHGRQWKHEDVLVRI&(&DH
DQG/HOHXUHWDO
,1&,'(1&(*5283 '(),1,7,21	'(6&5,37,21
7UDQVSRUWH[WHUQDO
/RFDOUHVLGHQWV 7KH SHRSOH OLYLQJ QHDUE\ WKH LQIUDVWUXFWXUH DQG SHRSOH EHLQJ
LQIOXHQFHGE\ORFDOH[WHUQDOHIIHFWV
1DWLRQDOVRFLHW\ 6RFLHW\GHILQHGDV WKHUHFHLYHURIH[WHUQDOHIIHFWV WKDWDUHQRW
LQFOXGHG LQ DQG DV JHRJUDSKLFDOO\ ZHOO GHILQHG DV WKH ORFDO
UHVLGHQWV·LQFLGHQFHJURXS
(XURSHDQ8QLRQ 5HFHLYHU RI H[WHUQDO HIIHFWV GLVWULEXWHG HIIHFWV DQG SROLF\
UHODWHGEHQHILWVFRQVLGHUHGRQDVXSUDQDWLRQDOVFDOH OLPLWHGWR
WKH(XURSHDQ8QLRQ
*OREDO (IIHFWVWKDWVXUSDVVQDWLRQDODQG(XURSHDQERUGHUV
,Q DQ HYDOXDWLRQ LQFLGHQFH JURXSV DUH GHILQHG DFFRUGLQJ WR WKH HIIHFW WKH LQYHVWPHQW
FRQVLGHUHG KDV RQ WKHP 7KH OHYHOV RI DJJUHJDWLRQ ZLWK UHVSHFW WR WKH HIIHFWV WKHQ
LQIOXHQFH WKH GHILQLWLRQ RI LQFLGHQFH JURXSV 7KH VWHSV LQ VXFK D GLYLVLRQ DFFRUGLQJ WR
DJJUHJDWLRQ OHYHO VKRXOGDYRLGKDYLQJ WRRVPDOO LQWHUYDOVDV WKHULVNRIGRXEOHFRXQWLQJ
ZLOOVLJQLILFDQWO\LQFUHDVHDVWKHLQWHUYDOVGHFUHDVH
 $127(21(48,7<&21&(516
2QH TXHVWLRQV DULVLQJ IURP WKH GLVFXVVLRQ RQ GHWHUPLQLQJ VSHFLILF LQFLGHQFH JURXSV
FRQFHUQV WKH GLVWULEXWLRQV RI ZLOOLQJQHVV WR SD\ DFURVV JURXSV ZLWKLQ HDFK LQFLGHQFH
JURXSV 7KHVH JURXSV FRXOG EH GLIIHUHQW SULFHV EHWZHHQ FRXQWULHV GXH WR GLIIHUHQW
SUHIHUHQFH VHWVRU LQFRPHGLIIHUHQWYDOXHVRI WLPH IRUGLIIHUHQW VRFLDO JURXSV HWF7KLV
TXLFNO\RSHQVVRPHVHULRXVHWKLFDOSUREOHPV,VWKHOLIHRID*UHHNSHUVRQOHVVWKDQWKDWRI
D*HUPDQGXHWRWKHGLIIHUHQFHLQLQFRPHLQYROYLQJDJUHDWHUDPRXQWRI ORVWHFRQRPLF
RXWSXW 7KHVH SUREOHPV DUH HTXDOO\ JUHDW IRU WKH ORFDO LPSDFW VXFK DV QRLVH DQG DLU
SROOXWLRQ
,QWKH$3$65RDGSURMHFWWKHIROORZLQJQRWH LVPDGHFRQFHUQLQJ WKLVSUREOHP&(&
IS ´7KH LPSRUWDQFHRI WKLVSUREOHPRI HTXLW\ LQ WKHGLVWULEXWLRQRI LPSDFWV
PD\YDU\IURPRQHSURMHFWWRDQRWKHUDQGGHSHQGRQWKHFLUFXPVWDQFHVRI WKHGHFLVLRQ
PDNLQJ«,QDQ\FDVHLWVKDQGOLQJQHFHVVDULO\FDOOVIRUVXEMHFWLYHDQGSROLWLFDOMXGJHPHQWV
ZKLFK FDQ EH LQWURGXFHG LQWR WKH DQDO\VLV LQ PDQ\ GLIIHUHQW ZD\ HLWKHU WKURXJK WKH
DSSURSULDWHZHLJKWLQJRIWKHFRVWVDQGEHQHILWVRUDQGWKURXJKWKHDGGLWLRQRIDGLVWULEX
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KRZHYHU RQO\ DIIHFWHG WR D OLPLWHG GHJUHH E\ WKH UHGLVWULEXWLRQ RI WUDIILF $OVR WKH
3DJH $SSHQGL[%
&ODXV5HKIHOG
LQIOXHQFH WKH V\VWHP RSHUDWLRQ DQG PDLQWHQDQFH FRVWV KDV RQ SURMHFW SHUIRUPDQFH LV
OLPLWHG&RQVHTXHQWO\WKHDSSOLFDWLRQRIWKLVPRGHODSSHDUVDFFHSWDEOH
 9(+,&/(23(5$7,1*&26792&
7KH YHKLFOH RSHUDWLQJ FRVW 92& LV D FRPSOH[ IXQFWLRQ RI PXOWLSOH YDULDEOHV 7KHVH
FRPSULVH URDG JUDGLHQWV WUDYHO SDWWHUQ FRQVWDQW IORZ DEUXSW IORZ DYHUDJH VSHHG
GLVWDQFH URDG VXUIDFH FRQGLWLRQV HWF 7KH YHKLFOH RSHUDWLQJ FRVWV DUH FRPSRVHG RI WKH
VWDQGLQJFRVWVDQGWKHRSHUDWLQJFRVWV3/$1&27UDQVSRUWLQLWLDWLYHVPD\UHVXOW
LQUHGXFWLRQVDVZHOODVLQLQFUHDVHVLQERWKVWDQGLQJDVZHOODVRSHUDWLQJFRVWV
,Q FDVH RI RQO\ OLPLWHG LQIRUPDWLRQ UHJDUGLQJ WKH TXDOLW\ RI WKH WUDQVSRUW QHWZRUN WKH
YHKLFOH RSHUDWLQJ FRVW FDQ EH HVWLPDWHG DV D IXQFWLRQ RI WKH WUDQVSRUW ZRUN YHKLFOH
NP\HDU 7KLV LV D UHDVRQDEOH DSSURDFK LQ UXUDO DUHDV EXWPRUH TXHVWLRQDEOH LQ XUEDQ
DUHDVZKHUHWKHDYHUDJHWUDYHOVSHHGPD\EHVRORZWKDWDORQJHUWUDYHOGLVWDQFHDWDKLJKHU
VSHHGZLOOEHOHVVFRVWO\SHUNLORPHWUH
 75$9(/7,0(%(1(),7677%
$VXEVWDQWLDOSDUWRISURMHFWEHQHILWVIURPQHZURDGLQIUDVWUXFWXUHVWHPIURPUHGXFWLRQV
LQ WUDYHO WLPH 7KH YDOXH RI WLPH 9R7 IRU D WUDYHOOHU ZLOO GLIIHU E\ WULS SXUSRVH HJ
FRPPXWHU OHLVXUHRWKHUZRUN E\ DQQXDO LQFRPH DQG E\ WKHPRGH RI WUDQVSRUW 7KH
GLIIHUHQFH EHWZHHQ PRGH FKRLFHV VWHP IURP GLIIHUHQW XQGHUO\LQJ SUHIHUHQFHV EHWZHHQ
WLPHPRQH\DQGFRQYHQLHQFH+HQFH LWPD\QRWEHFRQFOXGHGWKDWWUDYHOOHUVE\FHUWDLQ
PRGHVE\GHILQLWLRQKDYHDORZHUYDOXHRIWLPH
,GHDOO\ WKH WUDYHO WLPH VDYLQJV DQG WKH YDOXH RI WLPH VKRXOG EH GLVDJJUHJDWHG DFURVV
LQFRPH JURXSV DQG WULS SXUSRVH LQ WKH DSSUDLVDO )RUHFDVWHG IORZV DUH KRZHYHU UDUHO\
DYDLODEOH LQ VXFK GHWDLO )XUWKHUPRUH IRU HTXLW\ UHDVRQV WKH GLVDJJUHJDWHG DSSURDFK LV
UDUHO\DSSOLHG3URYLGHGWKDW LWZDVDSSOLHGWUDQVSRUW LQYHVWPHQWVVHUYLFLQJKLJK LQFRPH
WUDYHOOHUVZRXOG EH HPSKDVLVHG LQ SURMHFW DSSUDLVDO2QH FODVVLILFDWLRQ RI WULS SXUSRVHV
VLPLODUWRWKHRQHWUDGLWLRQDOO\XVHGLQ'HQPDUNLV1HOOWKRUSHWDO
• :RUN
 7ULSVPDGH RQ WKH HPSOR\HU·V EXVLQHVV RU LQ WKH FDVH RI VHOIHPSOR\HG LQGLYLGXDOV LQ WKH
FRXUVHRIKLVKHURFFXSDWLRQ
• &RPPXWLQJ
 7ULSVPDGHEHWZHHQKRPHDQGZRUNSODFH
• 2WKHU
 7ULSVPDGHIRUUHDVRQVXQUHODWHGWRZRUN LQFOXGLQJSHUVRQDOEXVLQHVV VKRSSLQJHGXFDWLRQ
DQGOHLVXUH
,QFHUWDLQFDVHVWKHWULSSXUSRVHVLVGLVDJJUHJDWHGIXUWKHULIRQHVRFLDOJURXSFRQVWLWXWHVD
ODUJHDPRXQWRIWKHWULSVVXFKDVHJVWXGHQWV
7KH YDOXDWLRQ RI WUDYHO WLPH VDYLQJV KDV EHHQ WKH REMHFWLYH RI PXOWLSOH VWXGLHV DQG
SUREDEO\ZLOOFRQWLQXH WREH7KHSUREOHPVFRQFHUQLQJ WKHYDOXDWLRQRI WLPHDUH DYDVW
UHVHDUFK ILHOG DQGQR DWWHPSWZLOO EHPDGHKHUH WR GLVFXVV WKHVHSUREOHPV LQ DQ\ HYHQ
UHPRWHGHWDLOVHHHJ%UX]HOLXV17KHFRQFHUQKHUHLVPHUHO\WKHDVVHVVPHQWRI
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
WUDYHOWLPHVDYLQJVWKURXJKPRGHOOLQJIRUWKHSXUSRVHRISURMHFWDSSUDLVDO7KHYDOXHRI
WLPHXVHGLQ'HQPDUNLVOLVWHGLQWKHWDEOHEHORZ9'
7DEOH 9DOXHRIWLPHIRU'HQPDUNLQSULFHV9'
²'.5+285 9$/8(2)7,0(²'(10$5.
75,3385326( 3(5,1',9,'8$/ 3(5&$5
:RUN  
&RPPXWH  
2WKHU  
:HLJKHGDYHUDJH  
7KHYDOXHRI WLPHXVHG LQ'HQPDUN LVEDVHGRQ WKH DYHUDJHZDJH LQ LQGXVWU\ DQG WUDGH
LQFOXGLQJDOODGGLWLRQV2QO\LQGLYLGXDOVDERYHWKHDJHRILVLQFOXGHGLQWKHFDOFXODWLRQV
DVPLQRUVDUHH[SHFWHGWRKDYHQRYDOXHRIWLPH7UDIILFIORZVQRUPDOO\FRQWDLQLQIRUPD
WLRQ UHJDUGLQJ WKH QXPEHU RI SDVVHQJHU FDUV DQG ORUULHV 7KH GLVDJJUHJDWLRQ E\ WULS
SXUSRVH LV PRUH UDUH (VWLPDWHV RI YHKLFOH RFFXSDQF\ UDWHV DUH HVVHQWLDO IRU D SURSHU
DVVHVVPHQWRI WKH WUDYHO WLPHEHQHILWV7KHRFFXSDQF\ UDWHV XVHG LQ'HQPDUN DUH 9'

7DEOH 'DQLVKYHKLFOHRFFXSDQF\UDWHV9'7KHWRWDOVKDUHRIWKHDYHUDJHKRXUO\ZDJHLVZHLJKHG
RQWKHEDVLVRIWULSSXUSRVHLQSDVVHQJHUNLORPHWUH
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:RUN    
&RPPXWH    
2WKHU    
7RWDO    
7KH ZRUN YDOXH RI WLPH LV EDVHG RQ D VXUYH\ WKDW VKRZHG WKDW WKH DYHUDJH ZDJH IRU
WUDYHOOLQJHPSOR\HHV LVDSSUR[LPDWHO\KLJKHUWKDQ WKHDYHUDJHZDJH LQ LQGXVWU\DQG
WUDGH
 $&&,'(1766$)
 7KH UHGXFWLRQ LQ URDG DFFLGHQWV DORQJZLWK WUDYHO WLPH VDYLQJV WUDGLWLRQDOO\ FRQVWLWXWH D
VXEVWDQWLDO SDUW RI SURMHFW EHQHILWV $SSURSULDWH PRGHOOLQJ RI WKH H[SHFWHG QXPEHU RI
DFFLGHQWVLVDFFRUGLQJO\YHU\LPSRUWDQWLQPRVWSURMHFWDSSUDLVDOV
 /,1.$&&,'(176
 7KHPRGHOIRUOLQNDFFLGHQWVKDVWKHIROORZLQJIRUP
3DJH $SSHQGL[%
&ODXV5HKIHOG
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 ZKHUH8 LVWKHH[SHFWHGQXPEHURIFDVXDOW\DFFLGHQWVSHUNP
 1 LVWKHDQQXDODYHUDJHGDLO\WUDIILF
 / LVWKHOHQJWK
 DS DUHPRGHOFRQVWDQWV
 7KHH[SHFWHGQXPEHURIDFFLGHQWVLVQRWRQO\DIXQFWLRQRIWKHDQQXDODYHUDJHGDLO\WUDIILF
EXWLVDOVRDIXQFWLRQRIHJWKHURDGDOLJQPHQWWKHQXPEHURIODQHVWKHURDGZLGWKWKH
SRVVLEOH ULEERQGHYHORSPHQW HWF7R DFFRPPRGDWH WKHVH GLIIHUHQFHV OLQNVZLWK VLPLODU
FKDUDFWHULVWLFV DUH FODVVLILHG LQWR DSW\SHV 9' E 7KH FODVVLILFDWLRQ LQYROYHV WKH
JHRPHWU\ URDG ZLGWK QXPEHU RI ODQHV DQG WKH VXUURXQGLQJ ODQG XVH XUEDQ LQWHU
XUEDQ7KHFODVVLILFDWLRQRIOLQNVLQWRDSW\SHVLVVHHQEHORZLQ7DEOH
7DEOH 7KH'DQLVKDSFODVVLILFDWLRQV\VWHPIRUURDGQHWZRUNOLQNVXVHGIRUWKHDSSUDLVDORIWUXQNURDGV
9'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 8UEDQDUHD    
 /DQHURDGOHVVWKDQPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHQRUPDOURDG      
 /DQHQRUPDOURDG      
 5XUDODUHD    
 +LJKZD\      
 0RWRU+LJKZD\      
 /DQHURDGOHVVWKDQPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHURDGPZLGH      
 /DQHQRUPDOURDG      
 /DQHQRUPDOURDG      
 ,17(56(&7,21$&&,'(176
 $PRGHOVLPLODUWRWKHRQHXVHGIRUOLQNVDFFLGHQWVKDVEHHQGHYHORSHGIRUWKHSUHGLFWLRQ
RILQWHUVHFWLRQDFFLGHQWV
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
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 ZKHUH87 LVWKHH[SHFWHGQXPEHURIFDVXDOW\DFFLGHQWV
 1S1V LVWKHDQQXDODYHUDJHGDLO\WUDIILF
 DSSSV DUHPRGHOFRQVWDQWV
 7KHH[SHFWHGQXPEHURIDFFLGHQWVLVDIXQFWLRQRIWKHSK\VLFDOOD\RXWRIWKHLQWHUVHFWLRQV
WKH QXPEHU RI OHJV ZKHWKHU WKH LQWHUVHFWLRQ LV FDQDOLVHG RU QRW DQG WKH VXUURXQGLQJ
ODQGXVH$VZDVWKHFDVHIRUWKHOLQNVWKHLQWHUVHFWLRQVDUHGLYLGHGLQWRDSW\SHVDVOLVWHG
LQ7DEOHEHORZ
7DEOH 7KH'DQLVK D S FODVVLILFDWLRQ V\VWHP IRU URDG QHWZRUN LQWHUVHFWLRQV XVHG IRU WKH DSSUDLVDO RI
WUXQNURDGV9'
,17(56(&7,217<3( 7<3(12 $×  33 36
 OHJJHGLQWHUVHFWLRQV     
 6LJQDOLVHG        
 1RQVLJQDOLVHG     
 )ODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
 1RQIODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
 OHJJHGLQWHUVHFWLRQV     
 6LJQDOL]HG     
 )ODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
 1RQIODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
 1RQVLJQDOL]HG     
 )ODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
 1RQIODUHG 8UEDQ
5XUDO
 
 
 
 
 
 
 
 
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 7KHYDOXHRIDQDFFLGHQWGHSHQGVRQWKHW\SHRIDFFLGHQWVRUGHUHGE\WKHVHYHULW\RIWKH
DFFLGHQWWKHGHILQLWLRQZLWKUHVSHFWWRWKHERXQGDULHVEHWZHHQHDFKW\SHRIFDVXDOW\DQG
WKHFRVWHOHPHQWVDVVRFLDWHGZLWKWKHDFFLGHQW7KHPDMRULW\RI(XURSHDQ8QLRQPHPEHU
VWDWHV LQFOXGLQJ 'HQPDUN XVHV WKH IROORZLQJ FODVVLILFDWLRQ DQG GHILQLWLRQ 1HOOWKRUS

• )DWDOLW\
 'HDWKZLWKLQGD\VIRUFDXVHVDULVLQJRXWRIWKHDFFLGHQW
3DJH $SSHQGL[%
&ODXV5HKIHOG
• 6HULRXVLQMXU\
 &DVXDOWLHVZKRUHTXLUHKRVSLWDOWUHDWPHQWDQGKDYHODVWLQJLQMXULHVEXWGRQRWGLHZLWKLQWKH
UHFRUGLQJSHULRGRIDIDWDOLW\
• 6OLJKWLQMXU\
 &DVXDOWLHVZKRVH LQMXULHVGRQRWKRVSLWDO WUHDWPHQWRU LI WKH\ GR WKH HIIHFW HIIHFWV RI WKH
LQMXULHVTXLFNO\VXEVLGH
• 'DPDJHRQO\
 1RFDVXDOWLHVPD\EHVXEGLYLGHGLQWRPLQRUDQGPDMRUGDPDJH
 7KHFRVWHOHPHQWVDVVRFLDWHGZLWKHDFKW\SHRIDFFLGHQWVFRQVLVWVRIWZRPDLQFRVWW\SHV
5HVRXUFH FRVWV LQFXUUHG E\ VRFLHW\ IROORZLQJ WKH DFFLGHQW LQFOXGLQJ WKH ORVV RI WKH
H[SHFWHGFRQWULEXWLRQWRWKHQDWLRQDOSURGXFWLRQDQGDKXPDQFRVWUHODWHGORVVRIZHOIDUH
7KHDFFLGHQWFRVWLWHPVLQFOXGH1HOOWKRUSHWDO
• 0DWHULDOGDPDJH
• 3ROLFHILUHDQGUHVFXHOHJDODQGLQVXUDQFHDGPLQLVWUDWLRQFRVWV
• 'HOD\VWRRWKHUWUDIILF
• 0HGLFDOFRVWVLQFOXGLQJKRVSLWDOWUHDWPHQWDQGDPEXODQFHV
• /RVWHFRQRPLFRXWSXW
• :HOIDUHORVVFRQVXPSWLRQ
• +XPDQFRVWLQFOXGLQJSDLQJULHIDQGVXIIHULQJ
 7KH'DQLVKPRGHO GHVFULEHG DERYHSUHGLFWV WKH H[SHFWHGQXPEHURI FDVXDOW\ DFFLGHQWV
SHUOLQNRUSHULQWHUVHFWLRQ$FDVXDOW\DFFLGHQWVLVFRPSRVHGRIDSURSRUWLRQRIIDWDOLWLHV
VHULRXV LQMXULHV DQG VOLJKW LQMXULHV VHH7DEOH 7REH DEOH WR HVWLPDWH WKH FRVW RI DQ
DFFLGHQW WKH VKDUH RI VOLJKW LQMXULHV VHULRXV LQMXULHV DQG IDWDOLWLHV SHU DFFLGHQW PXVW EH
NQRZQ $Q DYHUDJH DFFLGHQW LQYROYLQJ FDVXDOWLHV LQ  KDG  FDVXDOWLHV DQG ZDV
FRPSRVHGRIIDWDOLWLHVVHULRXVO\LQMXUHGDQGVOLJKWO\LQMXUHG7KHIROORZLQJ
FRPSRVLWLRQRIWKHVRFLDOFRVWRIDFFLGHQWVLVXVHGLQ'HQPDUN
7DEOH 7KHDFFLGHQWFRVWIRUSROLFHUHSRUWHGDFFLGHQWVLQSULFHV/HOHXU6
$&&,'(17&2676
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)DWDOLW\   
6HULRXV,QMXU\   
6OLJKW,QMXU\   
6RFLDOFRVWSHUFDVXDOW\DFFLGHQW 
 
 7KHZHOIDUHORVVXVHGLQ'HQPDUNFRYHUDVRFLHWDOZLOOLQJQHVVWRSD\WRDYRLGDFFLGHQWV
7KHZHOIDUHORVVLVFDOFXODWHGDVDSURSRUWLRQRIWKHUHVRXUFHFRVWZKLFKLVIRUIDWDOLWLHV
IRUVHULRXVDFFLGHQWVDQGIRUVOLJKWDFFLGHQWV/HOHXU6
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH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 12,6(12,
 7KH HTXLYDOHQW QRLVH OHYHO /HT LV D FRPPRQ DSSURDFK WR PRGHOOLQJ QRLVH LQ PRVW
(XURSHDQ8QLRQPHPEHUVWDWHV7KHGLIIHUHQFHVUHODWHWRWKHDVVHVVPHQWRIWKHQXLVDQFH
RIWKHQRLVH,QDVVHVVLQJQRLVHWKHIROORZLQJPXVWEHFRQVLGHUHG&(&D
• 7KHUHJXODULW\RIWKHQRLVH
• 7KHDUHDDIIHFWHGJHRJUDSK\QXPEHURIW\SHRIEXLOGLQJVXUEDQUXUDO
• 7KHWKUHVKROGEH\RQGZKLFKWKHQRLVHEHFRPHVDQXLVDQFH
• 7KHWLPHGLVWULEXWLRQRIWKHQRLVHGD\QLJKW
• 7KH WUDIILFFRPSRVLWLRQDQGYROXPH SDUWLFXODUO\ WKHSURSRUWLRQRIKHDY\YHKL
FOHVWUDLQVDHURSODQHVHWF
 7KHVHHOHPHQWVDUHRILPSRUWDQFHWRWKHPRGHOOLQJRIQRLVHIURPDOOPRGHV
 52$'12,6(
 7KH DVVHVVPHQW RI WKH QRLVH LPSDFW LV PRVW RIWHQ EDVHG D PHWKRG FRPSDUDEOH WR WKH
&RPPRQ6FDQGLQDYLDQ1RLVH0RGHO1DWXUYnUGVYHUNHW7KHPRGHOLVVHTXHQWLDOLQ
WKHVHQVHWKDW LQFUHPHQWDODGMXVWPHQWVDUHPDGHDFFRUGLQJWRWKHFRQWH[WDQGGDWD7KH
VWDUWLQJ SRLQW RI D FDOFXODWLRQ LV WKH HTXLYDOHQW QRLVH OHYHO P IURP WKH URDG FHQWUH
/$HTPEDVHGRQDQDQQXDODYHUDJHGDLO\WUDIILFRIYHKLFOHVGULYLQJDWDVSHHGRI
 NPK 7KH QRLVH OHYHO LV DGMXVWHG E\ IORZ VSHHG IORZ FRPSRVLWLRQ SHUFHQWDJH RI
KHDY\ YHKLFOHV DQG JHRPHWULFDO FRQGLWLRQV DQG SRVVLEO\ D UDQJH RI RWKHU FRUUHFWLRQV
'HSHQGLQJRQFRXQWU\WKHHTXLYDOHQWQRLVHOHYHOZLOOPRVWRIWHQEH/$HTP G%$
 1RW DOO PRGHOOLQJ DSSURDFKHV IRU QRLVH DUH HTXDOO\ DSSOLFDEOH WR DOO SODQQLQJ HQYLURQ
PHQWV6SHFLILFDOO\QRLVHPRGHOOLQJRQDQDJJUHJDWH OHYHO LVRIWHQDVVRFLDWHGZLWKSURE
OHPVRIREWDLQLQJTXDOLILHGGDWDDV URDGQRLVH LVDYHU\ ORFDO LPSDFW2QWKHRWKHUKDQG
YHU\ GHWDLOHGPRGHOV VXIIHU WKH SUREOHP RI EHLQJ RYHUO\ GHWDLOHG IRU SURMHFW DSSUDLVDO
7KHUHDUHIRXUEDVLFPHWKRGVIRUPRGHOOLQJWKHQRLVHLPSDFWV
• 3XUHO\QXPHULFDODSSURDFK
• 9HFWRUEDVHG*,6DSSURDFK
-  %XIIHUDSSURDFK
-  /HYHOOLQJDSSURDFK
• 5DVWHUEDVHG*,6DSSURDFK
 7KHSXUHO\QXPHULFDODSSURDFKHVDUHXVHIXOIRUORZGDWDDVVHVVPHQWRQDQDJJUHJDWHOHYHO
ZKHUHDV WKH *,6 EDVHG DSSURDFKHV DUH UHODWLYHO\ GDWD LQWHQVLYH )RU LPSOHPHQWDWLRQ
H[DPSOHVVHHHJ5HKIHOG&.LDVHWDO	0LOM¡VW\UHOVHQ
7KHGHJUHHWRZKLFKQRLVHLVDQXLVDQFHLVQRWDOLQHDUIXQFWLRQZLWKUHVSHFWWRWKHQRLVH
OHYHO7KHQXLVDQFHLVH[SUHVVHGWKURXJKDQRLVHIDFWRUZKLFKLVDIXQFWLRQRIWKHHTXLYD
OHQWQRLVHOHYHO
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7KHQXLVDQFHDVDIXQFWLRQRIWKHQRLVHOHYHODQGWKHODQGXVHKDVEHHQIRXQGWRUHVHPEOH
DSRZHUIXQFWLRQ9'
(T 1) $ %
/ .$HT
= ×
-0.1( )
ZKHUH$ 
% 
. IRUUHVLGHQWLDODUHDVRXWVLGH
. IRUDOOKRXVHVLQFOXGLQJVXPPHUKRXVHVHWFLQVLGH
. IRUVXPPHUKRXVHVDOORWPHQWDUHDVHWFRXWVLGH
7KHWRWDOQRLVHLPSDFWLVH[SUHVVHGWKURXJKDQRLVHORDGQXPEHU1/1DVWKHVXPRIWKH
QXPEHURIGZHOOLQJVDIIHFWHGE\HDFKQRLVHOHYHODQGVFDOHGE\WKHVHYHULW\7KHQRLVHORDG
QXPEHULVGHILQHGDV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ZKHUH %LLVWKHQXPEHURIGZHOOLQJVLQHDFKQRLVHLQWHUYDOL
1)LLVWKHQXLVDQFHIDFWRU
7KHDVVHVVPHQWRIWKHVRFLDOFRVWRIQRLVHLQ'HQPDUNLVDKHGRQLFSULFLQJPHWKRGEDVHG
RQWKHGLIIHUHQFHVLQWKHYDOXHRIFRPSDUDEOHVLQJOHIDPLO\GZHOOLQJVRUYLOODVDWGLIIHUHQW
OHYHOVRIQRLVH7KHQRLVH LPSDFWQXPEHU 6%7KDVEHHQGHYHORSHGRQ WKHEDVLVRI DQ
LQWHUYLHZVXUYH\7KLVDSSURDFKGLVUHJDUGVDQ\RIWKHVRFLDOLPSDFWVRIQRLVH,Q'HQPDUN
WKHVRFLDODVSHFWVRIQRLVHDUHVHWDWRIWKHDQQXDOHFRQRPLFORVVVRWKDWWKHFRPSR
VLWLRQRIWKHYDOXHRIQRLVHLQ'HQPDUNLQSULFHVLV9'
7DEOH 7KH'DQLVKYDOXHRIQRLVHLQSULFHV9'
$QQXDOORVVIURPUHGXFWLRQLQKRXVHSULFH '.USHU6%7
&RVWRIWKHVRFLDOLPSDFWRIQRLVH '.USHU6%7
9DOXHRIQRLVH '.USHU6%7
 $VLPSOHQRLVHPRGHO
 ,QWKHFDVHVWXG\QRGHWDLOHGVSDWLDOPRGHOOLQJDSSURDFKLVSRVVLEOHGXHWRDODFNRIGDWD
&RQVHTXHQWO\DSXUHO\QXPHULFVROXWLRQKDVEHHQDSSOLHG7KHGDWD UHTXLUHPHQWVDVVRFL
DWHGZLWKWKHURDGQHWZRUNFRQFHUQV
• $YHUDJHQXPEHURIIORRUVRQWKHKRXVHVDORQJHDFKOLQN
• 7KHGLVWDQFHIURPWKHURDGFHQWUHWRWKHIDFDGHRIWKHEXLOGLQJ
 $VVXPLQJ WKDW HDFK IORRU KDV D KHLJKW RI DSSUR[LPDWHO\ PHWHUV WKH DYHUDJH UHFHLYHU
KHLJKWDERYHWKHURDGFDQEHFDOFXODWHGDV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 7KHP·VVWHPIURPWKHIDFWWKDWLWLVDVVXPHGWKDWWKHXSSHUKDOIRIWKHERG\UHFHLYHV
WKH QRLVH DQG WKH P·V IURP WKH IDFW WKDW WKH IORRU RI WKH JURXQG IORRU URRPV DUH
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
DVVXPHGVOLJKWO\HOHYDWHG7KHGLVWDQFHWRWKHIDFDGHLQFHQWUDOXUEDQDUHDVLVFDOFXODWHGDV
LQPHWHUV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 ,QXUEDQDUHDVWKHDGGLWLRQDOGLVWDQFH$IRUVLGHZDONVHWFLVDVVXPHGPDQGLQVXEXU
EDQDUHDVPHWHUV7KHXWLOLVDWLRQGHJUHHRIWKHODQGRQERWKVLGHVRIWKHURDGLQDGHQVH
XUEDQDUHDLVDVVXPHGVXFKWKDWRIWKHOHQJWKRIDURDGJRHVWRDGMRLQLQJURDGV
VPDOOSDUNVSDUNLQJORWVHWF,QPDQ\XUEDQPXOWLVWRUH\KRXVHVWKHJURXQGOHYHOLQFOXGHV
VKRSVZKLFKDUHQRWLQFOXGHGLQWKHHYDOXDWLRQ7KLV OHDGVWRWKHIROORZLQJDVVXPSWLRQV
ERWKGLUHFWLRQV
7DEOH %DVLFDVVXPSWLRQVQHFHVVDU\IRUDQRLVHPRGHOZLWKORZGDWDUHTXLUHPHQWVIRU&RSHQKDJHQ
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 $VDUXOHRIWKXPEDSDUWPHQWVKDYHDGHSWKRIDURXQGPHWHUV LQRUGHU WRVHFXUH
UHDVRQDEOH OLJKW LQ DOO URRPV $V WKH PDMRULW\ RI DSDUWPHQWV LQ FHQWUDO &RSHQKDJHQ LV
DURXQGPH[FOXGLQJWKHVWDLUZD\V WKHIDFDGHZLOO LQDYHUDJHKDYHD OHQJWKRI
PHWHUV7KHPXQLFLSDOLW\ RI)UHGHULNVEHUJKDV LQ JHQHUDO VOLJKWO\ ODUJHU DSDUWPHQWV WKDQ
FHQWUDO&RSHQKDJHQKHQFH WKH VOLJKWO\KLJKHU DYHUDJH IDFDGH OHQJWK7KH2WKHU·V JURXS
FRYHU WKH VXEXUEDQ DUHDV VXUURXQGLQJ &RSHQKDJHQ LQ ZKLFK WKH ODQGXVH LV PRUH GLV
SHUVHG DQG FRQVHTXHQWO\ D GHJUHHRI XWLOLVDWLRQRI  LV DVVXPHG DORQJZLWK D ORQJHU
DYHUDJHOHQJWKRIWKHIDFDGH2QWKLVEDVLVWKHQRLVHLPSDFWQXPEHULVDVVHVVHG
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$LUSROOXWLRQ VWHPPLQJ IURP WUDQVSRUW LV JHWWLQJ LQFUHDVLQJ SXEOLF DWWHQWLRQ GXH WR WKH
KHDOWKKD]DUGVDVVRFLDWHGZLWKWKHH[SRVXUHWRWKHHPLVVLRQV,Q&RSHQKDJHQWKHFRQFHQ
WUDWLRQ RI SROOXWDQWV KDV QRW LQFUHDVHG EXW WKH SXEOLF DZDUHQHVV KDV .¡EHQKDYQV
.RPPXQH E (PLVVLRQV IURP FRPEXVWLRQ HQJLQHV DUHPDGH XS RI D QXPEHU RI
JDVVHV RIZKLFK DSSUR[LPDWHO\  DUH SROOXWDQWV 7KHPDLQ SDUWV RI WKH HPLVVLRQV DUH
KRZHYHUQDWXUDOJDVVHV%HQGWVHQ+	0DGVHQ-
7DEOH &RPSRVLWLRQRIH[KDXVWJDVVHVIURPDJDVROLQHHQJLQH%HQGWVHQ+	0DGVHQ-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7KHPRVWLPSRUWDQWSROOXWDQWVDUH12;&2+&DQGSDUWLFOHVWKDWDUHHVSHFLDOO\UHOHYDQW
WRGLHVHO HQJLQHV2WKHUSROOXWDQWV DUHR]RQH 2ZKLFK LV FUHDWHG WKURXJK D FKHPLFDO
3DJH $SSHQGL[%
&ODXV5HKIHOG
UHDFWLRQEHWZHHQ12;DQG+&LQVXQOLJKWDQGOHDG3EZKLFKIRUPDQ\\HDUVKDVEHHQ
DVRIWHQLQJDQGRFWDQHLPSURYLQJDGGLWLYHWRJDVROLQH,QFRQQHFWLRQZLWKOHDGHGJDVROLQH
GLR[LQHPLVVLRQVZKLFKDUHKLJKO\FRQWDJLRXVKDYHEHHQPHDVXUHG,QRUGHUWRUHDFKWKH
VDPH RFWDQH OHYHO IRU XQOHDGHG JDVROLQH RWKHU DGGLWLYHV DUH DGGHG WR WKH JDVROLQH WR
LPSURYHFRPEXVWLRQ7KLVPD\OHDGWRRWKHUW\SHVRIFRQWDJLRXVHPLVVLRQV
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7KHPDLQ W\SHV RI HPLVVLRQV DQG WKHLU KHDOWK HIIHFWV DUH OLVWHG EHORZ %HQGWVHQ+	
0DGVHQ-/
7DEOH 2ULJLQ DQG KHDOWK HIIHFWV RI WKH PDLQ SROOXWDQWV LQ HPLVVLRQV IURP URDG WUDIILF %DVHG RQ
%HQGWVHQ+	0DGVHQ-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&KHPLFDOVXEVWDQFHV
FUHDWHGLQWKHFRPEXVWLRQ
12LQIOXHQFHVWKHIXQFWLRQRIWKHOXQJHVSDUWLFXODUO\ZLWK
DVWKPDWLFVDQGFKLOGUHQ7KHFRQFHQWUDWLRQRI12LVUDUHO\D
SUREOHPZLWKUHVSHFWWRURDGWUDIILF
&2 &KHPLFDOVXEVWDQFHFUHDWHG
LQWKHFRPEXVWLRQ
&2FRQQHFWLRQWRWKHEORRGVKDHPRJORELQUHGXFLQJWKHR[\JHQ
LQWDNH3DUWLFXODUO\GDQJHURXVWRXQERUQFKLOGUHQDQGSHRSOH
ZLWKEDGEORRGFLUFXODWLRQ
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1RQFRPEXVWHGJDVROLQH
IURPWKHH[KDXVWRUIXPHV
IURPJDVROLQHVWDWLRQV
$YHU\ODUJHJURXSRIVXEVWDQFHVVRPHRIZKLFKDUHSRWHQWLDO
FDUFLQRJHQV7KHHIIHFWVDUHPDLQO\ORQJWHUP7KHSHUFHQWDJH
RIFDUFLQRJHQVLVKLJKHUIURPGLHVHOFDUV
/HDG3E $GGLWLYHWROHDGHGJDVROLQH /HDGLVDFFXPXODWHGLQWKHERG\DQGLQIOXHQFHVWKHFHQWUDO
QHUYHV\VWHP/HDGKDVEHHQIRXQGWRLQIOXHQFHLQWHOOLJHQFHLQ
FKLOGUHQ
3DUWLFOHV 3URGXFWRIZHDURQW\UHV
URDGVXUIDFHVEUDNHVDQG
IURPH[KDXVWIXPHV
$ODUJHVKDUHRIXUEDQGXVWVWHPVIURPURDGWUDIILF([KDXVW
SDUWLFOHVPDLQO\RULJLQIURPGLHVHOHQJLQHV3DUWLFOHVDUHRI
LQWHUHVWGXHWRWKHLUDELOLW\WRELQGGDQJHURXVVXEVWDQFHVVXFKDV
+&
&RPELQDWLRQ
HIIHFWV
7KHFRPELQDWLRQRIVHYHUDO
SROOXWDQWVLQVWHDGRIRQHDW
DWLPH
,WKDVEHHQIRXQGWKDWWKHFRPELQDWLRQRISROOXWDQWVKDVD
V\QHUJHWLFHIIHFWLQWKHVHQVHWKDWWKHLPSDFWRIWKHFRPELQDWLRQ
LVKLJKHUWKDQWKDWRIWKHVLQJOHSROOXWDQW.QRZOHGJHLQWKLV
DUHDLVOLPLWHG
1RWDOOHPLVVLRQVKDYH LPSDFWVRQDOOERWK WKH ORFDO UHJLRQDO DQGJOREDO OHYHO:KHWKHU
WKH\GRGHSHQGVXSRQWKHLUFKHPLFDOFKDUDFWHULVWLFV7KHJHRJUDSKLFDOLPSDFWRIGLIIHUHQW
JDVVHV LV OLVWHGLQ7DEOHEHORZ7KHORFDO LPSDFWVDUHWKRVH WKDW LQIOXHQFHSHRSOHDQG
QDWXUHYHU\FORVHWRWKHSRLQWRIHPLVVLRQ)ROORZLQJWKHGLVSHUVLRQRIWKHHPLVVLRQVWKH\
HQWHUWKHPDVVRIDLUWKDWPD\EHWUDQVSRUWHGRYHUUDWKHUODUJHGLVWDQFHV5HJLRQDOLPSDFWV
DUHPHDVXUHG HLWKHU WKURXJK EDFNJURXQG HPLVVLRQV DGGHG WR WKH ORFDO RQHV RU FDXVLQJ
LPSDFWVRQQDWXUHVXFKDVDFLGLILFDWLRQRIIRUHVWV)LQDOO\DVFRQFHUQVWKHJOREDO LPSDFWV
&2 LVQHLWKHU ORFDOO\RU UHJLRQDOO\ DSROOXWDQWZKHUHDV LW LV D JUHHQKRXVH JDV(YLGHQFH
VHHPVWRVXJJHVWWKDWFRPEXVWLRQRI IRVVLOHQHUJ\ZLOOFDXVHJOREDOKHDWLQJRI WKHHDUWK
7KHJHRJUDSKLFDOLPSDFWRIWKHGLIIHUHQWJDVVHVLVOLVWHGEHORZ
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7DEOH *HRJUDSKLFDOORFDWLRQRIWKHLPSDFWVRIGLIIHUHQWHPLVVLRQV%HQGWVHQ+	0DGVHQ-
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+DYLQJEULHIO\SUHVHQWHGDQGGLVFXVVHGWKHLPSDFWVVWHPPLQJIURPYHKLFOHHPLVVLRQVWKH
IROORZLQJ VHFWLRQV ZLOO GHDO ZLWK DSSURDFKHV WRPRGHOOLQJ RI LPSDFWV RQ DOO WKUHH JHR
JUDSKLFDOOHYHOV$VVHHQLQDSSHQGL[$RQHYDOXDWLRQIUDPHZRUNVGLIIHUHQWDVSHFWVRIWKH
LPSDFWVRIHPLVVLRQVDUHVXJJHVWHGWUHDWHGLQGLIIHUHQWLPSDFWJURXSV7KLVLVGXHSDUWO\WR
WKHIXQGDPHQWDOGLIIHUHQFHLQERWKWKHLPSDFWDQGWKHDELOLW\WRORFDWHWKHLPSDFWVSDWLDOO\
$V WKH JHRJUDSKLFDO OHYHO LQFUHDVHV RXU DELOLW\ WR SUHGLFW WKH LPSDFW VSDWLDOO\ GHFUHDVHV
/RFDO LPSDFWV DUH JURXSHG XQGHU $ ² /RFDO (QYLURQPHQWDO ,PSDFWV ZKHUHDV WKH
UHJLRQDO DQG JOREDO LPSDFWV DUH JURXSHG WRJHWKHU XQGHU & ² *OREDO (QYLURQPHQWDO
,PSDFWV
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/RFDODLUSROOXWLRQLVYHU\GLIILFXOWWRKDQGOHIURPDPRGHOOLQJSRLQWRIYLHZ7KHLPSDFW
GHSHQGVRQWKHSUHYDLOLQJPHWHRURORJLFDOFRQGLWLRQVSUHYDLOLQJZLQGGLUHFWLRQKXPLGLW\
VXQ OLJKW HWF 7KH SROOXWLRQ LV UDSLGO\ GLVSHUVHG DQG FDQ EH YHU\ GLIILFXOW WR GHWHFW
6RSKLVWLFDWHGPRGHOV KDYH EHHQ GHYHORSHG WKDW FDQ HVWLPDWH FRQFHQWUDWLRQV LQ VSHFLILF
SRLQWV XQGHU FHUWDLQ FRQGLWLRQV 6XFK DQ DSSURDFK LV KRZHYHU WRR GHWDLOHG IRU SURMHFW
DVVHVVPHQW
7KHUHKDVEHHQDGLVFUHSDQF\LQSURMHFWDSSUDLVDOEHWZHHQWKHZD\WKDWLQYHVWLJDWLRQVLQWR
WKH WRWDO VRFLDO FRVWRI DLUSROOXWLRQKDYHEHHQSHUIRUPHGDQG WKHZD\DLUSROOXWLRQKDV
EHHQPRGHOOHG$LUSROOXWLRQLVWUDGLWLRQDOO\PRGHOOHGWKURXJKDQDVVHVVPHQWRIWKHWRWDO
HPLVVLRQVE\ OLQNZKLFK LV WKHQDJJUHJDWHG7KLV LVKRZHYHUQRWD UHDVRQDEOHSUR[\IRU
WKH ORFDO LPSDFW RI DLU SROOXWLRQ 3ULPDULO\ EHFDXVH HPLVVLRQV UHODWLYHO\ TXLFNO\ GLVSHUVH
DQGPD\ EH HPLWWHG LQ DUHDV ZKHUH QR SHRSOH OLYH 7KHUH PD\ EH D VRFLDO FRVW RI WKH
UHJLRQDORUJOREDOSROOXWLRQEXWWKHUHZLOOEHQRORFDOFRVWDVVRFLDWHGZLWKWKHHPLVVLRQV
7RDGYDQFHWKHPRGHOOLQJRIORFDODLUSROOXWLRQDWKUHHVWDJHPRGHOOLQJVWUXFWXUHKDVEHHQ
GHYHORSHGFRPSULVLQJ
• $QHPLVVLRQPRGHO
• $SROOXWLRQPRGHO
• $QH[SRVXUHPRGHO
(PLVVLRQPRGHOVQRUPDOO\DVVHVVWKHWRWDODPRXQWRIH[KDXVWJDVVHVSHUOLQN7KURXJKWKH
XVHRIVWDQGDUG*,6WRROVDQRYHUOD\RID]RQHVWUXFWXUHDQGWKHURDGQHWZRUNWKHWRWDO
3DJH $SSHQGL[%
&ODXV5HKIHOG
DPRXQWRISROOXWDQWSHU]RQHFDQEHFDOFXODWHG7KLVJLYHV DQHVWLPDWHRI WKHSROOXWLRQ
EHFDXVH LWSURYLGHVDQHVWLPDWHRI WKHFRQFHQWUDWLRQRI HDFKSROOXWDQWSHU]RQH)LQDOO\
VRFLRHFRQRPLFGDWDRQWKH]RQHOHYHOLVXVHGIRUWKHHVWLPDWLRQRIWKHH[SRVXUHWRORFDO
DLU SROOXWLRQ ZKLFK SURYLGHV DQ HVWLPDWH RI WKH H[SHFWHG VRFLDO FRVW E\ ]RQH RI WKH
SROOXWLRQ,QWKLVZD\WKHPRGHOPD\DVVHVVWKHVSDWLDOLPSDFWVRIGLYHUWHGWUDIILFIORZVLQ
DFOHDUHUIDVKLRQ
7KHIROORZLQJWKUHHVHFWLRQVGHVFULEHDQGGLVFXVVWKHGHWDLOVRIWKHPRGHOOLQJDSSURDFKLQ
HDFKRIWKHVWDJHVRIWKHPRGHOOLQJVWUXFWXUH
 (VWLPDWLQJHPLVVLRQV
7UDQVSRUW HPLVVLRQV DUH QRUPDOO\ HVWLPDWHG E\ OLQN HLWKHU WKURXJK D VSHHG VHQVLWLYH
IRUPXOD IRUHDFKGRPLQDQWYHKLFOH W\SHRU WKURXJKWKHXVHRI ORRNXSWDEOHVGHVFULELQJ
WKHHPLVVLRQVE\VSHHGDQGYHKLFOHW\SH5HKIHOG&RUILQDOO\DVDOLQHDUIXQFWLRQ
RIWKHWUDYHOZRUN9'7KHOLQHDUDSSURDFK LVDYHU\FRQYHQLHQWZD\RIPDNLQJ
HVWLPDWHVIRULQWHUXUEDQSURMHFWVZKHUHWKHWUDYHOVSHHGLVXQDIIHFWHGE\FKDQJHVLQWKH
WUDQVSRUWQHWZRUN
)LJXUH (PLVVLRQIDFWRUSURILOHIRU12;%HQGWVHQ+	0DGVHQ-
(PLVVLRQ3URILOH12[
0.00
0.50
1.00
1.50
2.00
2.50
3.00
20 30 40 50 60 70 80 90 100 110
6SHHG>.P+RXU@
Without catalytic converter
With catalytic converter
Diesel van
Van
,IWKHURDGQHWZRUNLVFRQJHVWHGWKHOLQHDUDSSURDFKPD\SURYLGHPLVJXLGLQJUHVXOWV2Q
FRQJHVWHG QHWZRUNV WKH DYHUDJH WUDYHO VSHHG ZLOO RIWHQ EH EHWZHHQ  NPK 7KH
WUDIILFIORZZLOOEHYHU\XQVWDEOHDQGWKHYHKLFOHHQJLQHVZLOOEHUXQQLQJLQHIILFLHQWO\
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
)LJXUH (PLVVLRQVE\URDGOLQNIRU12;
&RQVHTXHQWO\DGLYHUVLRQRIWUDIILFWKDWLQFUHDVHVWKHDYHUDJHWUDYHOVSHHGDQGUHGXFHVWKH
DPRXQWRIDEUXSWIORZVPD\KDYHDYHU\SRVLWLYHHIIHFWRQWKHWRWDOHPLVVLRQHYHQWKRXJK
WKHDYHUDJH WUDYHO OHQJWK LQFUHDVHV ,QPRVW XUEDQ DUHDV D VSHHGGHSHQGHQW DSSURDFK LV
UHTXLUHGIRUDUHDVRQDEOHDVVHVVPHQWRIWKHHPLVVLRQV
 (VWLPDWLQJSROOXWLRQ
$LUSROOXWLRQLVPHDVXUHGDVDFRQFHQWUDWLRQPHDVXUHRISROOXWDQWVSHUFXELFPHWUH7KH
PHDVXUHRISROOXWLRQXVHGKHUHLVDFRQFHQWUDWLRQPHDVXUHRISROOXWDQWVSHUVTXDUHPHWUH
7KHFRQYHUVLRQIURPWKHOLQNEDVHGHPLVVLRQPHDVXUHGHVFULEHGDERYHWRDQDUHDEDVHG
SROOXWLRQPHDVXUHXWLOLVHVDQDGYDQFHGFRPELQDWLRQRIVWDQGDUGLVHG*,6IXQFWLRQDOLWLHV
%\RYHUOD\LQJD]RQDOVWUXFWXUHSRVVLEO\WKHRQHXVHGE\WKHWUDIILFPRGHODQGWKHURDG
QHWZRUNWKHSHUFHQWDJHRIDOOURDGOLQNVLQVLGHHDFK]RQHLVGHWHUPLQHGDQGWKHOLQNVVKDUH
RIHPLVVLRQZLWKLQHDFK]RQHLVDVVLJQHGWRWKH]RQH$SROOXWLRQPDSLVVHHQLQ)LJXUH
)LJXUH 3ROOXWLRQPHDVXUHSHUWUDIILFPRGHO]RQH
7KHWKLUGDQGILQDOVXEPRGHOXQGHUWDNHVWKHHVWLPDWLRQRIWKHH[SRVXUHWRWKHHPLVVLRQV
3DJH $SSHQGL[%
&ODXV5HKIHOG
 (VWLPDWLQJH[SRVXUH
7UDIILFHPLVVLRQVKDYHDKHDOWKLPSDFWLISHRSOHDUHH[SRVHGWRWKHP%\FRPELQLQJWKH
SROOXWLRQPHDVXUHGHVFULEHGDERYHZLWKVRFLRHFRQRPLFGDWDDQHVWLPDWHRQWKHGHJUHHRI
H[SRVXUHE\]RQH LV REWDLQHG$VVXPLQJ WKDW WKH ]RQDOVWUXFWXUH XVHG IRU WKHSROOXWLRQ
PHDVXUHLVWKHWUDIILFPRGHO]RQHVVRFLRHFRQRPLFGDWDLV OLNHO\WREHDYDLODEOH%XWDQ\
RWKHU SHUKDSV PRUH GHWDLOHG RU DFFRPPRGDWHG ]RQDO GDWD FRQWDLQLQJ LQIRUPDWLRQ RQ
SRSXODWLRQFDQEHDXVHG
7R PDNH WKH HVWLPDWH RQ H[SRVXUH DV DFFXUDWH DV SRVVLEOH WKH HQWLUH GD\ VKRXOG EH
FRYHUHG7KLVLPSOLHVDZHLJKWLQJRIWKHUHVLGHQWLDOSRSXODWLRQDJDLQVWWKHSHRSOHWKDWRQO\
ZRUN LQ WKH ]RQH WR DVVHVV WKH DYHUDJH GDLO\ SRSXODWLRQ $V D ZRUNLQJ GD\ FRYHUV DS
SUR[LPDWHO\  KRXUV WKLV LPSOLHV D ZHLJKW RI  IRU WKH UHVLGHQWLDO SRSXODWLRQ 7KH
SHRSOHWKDWDUHXQHPSOR\HGZRUNLQJDWKRPHRQYDFDWLRQDUHFKLOGUHQRUDUHHOGHUO\DUH
DUJXPHQWVIRUWKHLQFUHDVHRIWKLVVKDUH7KHZHLJKWLQDOOWKHVFHQDULRVKDYHEHHQVHWWR
IRUWKHUHVLGHQWLDOSRSXODWLRQDQGIRUWKHSHRSOHZRUNLQJ
)LJXUH ([SRVXUHPHDVXUH
7KHZHLJKWVDUHQRWQHFHVVDULO\VFHQDULRUREXVW,QFUHDVHGWHOHFRPPXWLQJZRXOGIXUWKHU
LQFUHDVHWKHZHLJKWSXWRQWKHUHVLGHQWLDOSRSXODWLRQ7KLVKDVQRWEHHQGRQHKHUHDVVHHQ
LQFKDSWHU
7KHFRQYHUVLRQIURPOLQNEDVHGHPLVVLRQVWR]RQHEDVHGSROOXWLRQ LVQRWZLWKRXWSURE
OHPV7KH]RQHVXVHGDUHLQWKLVFDVHWKHWUDIILFPRGHO]RQHV7KHWUDIILFPRGHO]RQHVZLOO
EH FUHDWHG DURXQG KRPRJHQRXV DUHDV DURXQG ZKLFK WKH PDMRU DUWHULDO QRUPDOO\ UXQV
$VVXPLQJ WKDW D GHQVHO\ SRSXODWHG DUHD LV ORFDWHG MXVW QH[W WR D UHFUHDWLRQDO DUHD RQO\
GLYLGHGE\DURDGWKHQLWPD\EHXQFOHDUZKLFK]RQHWKHHPLVVLRQVDUHDFWXDOO\FROOHFWHG
LQ3RWHQWLDOO\ WKHHPLVVLRQVDUHDOOFROOHFWHG LQ WKHUHFUHDWLRQDODUHDZKHUHQRRQH OLYHV
DQGDFFRUGLQJO\QRH[SRVXUHLVUHJLVWHUHGE\WKHPRGHO
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
)LJXUH %RUGHUSUREOHPVRIWKHSROOXWLRQPRGHO7KHGRWWHGOLQHVLQGLFDWHWKHURDGVZKLFKLQVRPHFDVHV
DUHRYHUODSSLQJZLWKWKH]RQHERUGHUV
 6(9(5$1&(6(9
6HYHUDQFH LV LQ 'HQPDUN DVVHVVHG XVLQJ D GRXEOH PHDVXUH LQYROYLQJ D PHDVXUH RI WKH
VHYHUDQFHDQGWKHSHUFHLYHGULVN6HYHUDQFHLVDPHDVXUHRIWKHH[SHFWHGSHUFHSWLRQRIWKH
GLIILFXOW\ GLVDPHQLW\ RU GHOD\ H[SHULHQFHG E\ WKH LQGLYLGXDOV ZLVKLQJ WR FURVV D URDG
3HUFHLYHG ULVN RQ WKH RWKHU KDQG LV DPHDVXUH RI WKH H[SHFWHG GLIILFXOW\ RU GLVDPHQLW\
H[SHULHQFHG E\ WKH LQGLYLGXDOV JRLQJ DORQJVLGH D URDG 7KH WRWDO OHYHO RI VHYHUDQFH LV
GHULYHGDVWKHVXPRIWKHWZR9'
6HYHUDQFH DQG SHUFHLYHG ULVN DUH DWWHPSWV WR PRGHO WZR HIIHFWV WKDW DUH GLIILFXOW WR
TXDQWLI\DQGGHVFULEHDWWKHVDPHWLPHDVWKH\DUHQRQHWKHOHVVHDV\WRXQGHUVWDQG7KH
SUREOHPVRIVHYHUDQFHDUHSDUWLFXODUO\UHODWHGWRWRZQDUHDVZKHUHFURVVLQJVDUHIUHTXHQW
ZKHUHDVSHUFHLYHGULVNLVJHQHUDOO\DSSOLFDEOH
 6(9(5$1&(
7KHVHYHUDQFHLVDIXQFWLRQRIWKHQHHGWRFURVVGHWHUPLQHGE\WKHODQGXVHSDWWHUQDQG
WKH URDGEDUULHUGHWHUPLQHGE\ WKH WUDIILF FKDUDFWHULVWLFV7KH VHYHUDQFH LV FRPSXWHG DV
WKHSURGXFWRIWKHWZR$ODQGXVHLQGH[LVXVHGIRUWKHDVVHVVPHQWRIWKHQHHGWRFURVV
7DEOH :HLJKWVDVVLJQHGWRHDFK]RQHZKLFKUHIHUWRWKHODQGXVHRIWKH]RQH9'
=21(&+$5$&7(5,67,&6 :(,*+7:
6KRSV3XEOLFRIILFHVVFKRROV$SDUWPHQWEXLOGLQJV 
'ZHOOLQJVFRQJORPHUDWHRIGZHOOLQJV 
6XPPHUFRWWDJHVDQGDOORWPHQWDUHDV 
,QGXVWULDOUHFUHDWLRQDOWRZQDUHDV 
8QGHYHORSHG 
7KHQHHGWRFURVV1&LVHVWLPDWHGE\
(T /::1&
/5
××=
:KHUH :/:5DUH]RQHZHLJKWVWRWKHOHIWDQGULJKWRIWKHURDG
3DJH $SSHQGL[%
&ODXV5HKIHOG
/LVWKHOHQJWKRIWKHURDG
7KH EDUULHU SHUFHSWLRQ LV D IXQFWLRQ RI WKH WUDIILF VSHHG 9 WKH DQQXDO DYHUDJH GDLO\
WUDIILF$$'7WKHSHUFHQWDJHRIKHDY\YHKLFOHV/$WKHOHQJWKRIWKHURDG/DQGWKH
QXPEHURISHGHVWULDQVFURVVLQJSHUNP.7KHEDUULHUSHUFHSWLRQLVFDOFXODWHGDV
(T
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LVWKHUHVLVWDQFHWRZDUGVFURVVLQJ
/$LVWKHFRUUHFWLRQIRUKHDY\YHKLFOHV
7KHVHYHUDQFHLVWKXVFDOFXODWHGDV
(T 1&%36( ×=
,IWKHVHYHUDQFHPHDVXUH6(HTXDOVRULVIRXQGODUJHUWKDQWKHVHYHUDQFHLVVHWWR
DQGWKHURDGLVFRQVLGHUHGLPSDVVDEOH
 3(5&(,9('5,6.
7KH SHUFHLYHG ULVN 35 LV UHODWHG WR WKH 
VRIW
 WUDIILF JRLQJ DORQJVLGH WKH URDG 7KH
SHUFHLYHGULVNLVREWDLQHGDVWKHVXPRIWKHSHUFHLYHGULVNIRUHDFKVLGHRIWKHURDG7KH
SHUFHLYHGULVNLVFDOFXODWHGDVWKHVXPRIWKHQHHGWRWUDYHODORQJVLGHWKHURDGDQGWKHULVN
HIIHFW5(7KHQHHGWRWUDYHOLVEDVHGRQWKHSURGXFWRIWKHODQGXVHLQGH[DQGWKHURDG
OHQJWK/
(T :17 / ×
7KHULVNHIIHFWLVDIXQFWLRQRIWKHHOHPHQWV LQWKHURDGFURVVVHFWLRQVXFKDVIRRWSDWKV
ELF\FOHWUDFNVDQGRUDFRPELQDWLRQRIWKRVH
7DEOH 7KH&DQG) IDFWRUVZKLFK LQGLFDWHV WKH ULVN UHODWHG WR WKH WUDIILFJRLQJDORQJVLGH D URDG DV D
IXQFWLRQRIWKHFURVVVHFWLRQHOHPHQWVDLPHGDWHLWKHUSHGHVWULDQVRUELF\FOHV9'
&52666(&7,21(/(0(17 ) &52666(&7,21(/(0(17 &
1RIRRWSDWK  1RELF\FOHWUDFN 
2QO\IRRWSDWKRQWKHRWKHUVLGH  %LGLUHFWLRQDOELF\FOHWUDFNRQWKHRWKHUVLGH 
&RPPRQELF\FOHWUDFNDQGIRRWSDWK  &RPPRQELF\FOHWUDFNDQGIRRWSDWK 
)RRWSDWK  %LF\FOHODQH 
%LF\FOHWUDFN 
7KHULVNHIIHFWIRURQHURDGVLGHLVFDOFXODWHGDV
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
(T ( ) ( ))&/9$$'7ò5(
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7KHSHUFHLYHGULVNLVFDOFXODWHGDV
(T ( )
/5
17175(35 ×=
7KHWRWDOPHDVXUHRIVHYHUDQFH LV IRXQGDV WKHVXPRI WKH VHYHUDQFH DQG WKHSHUFHLYHG
ULVN
,QWKHFDVHVWXG\ LWKDVQRWEHHQSRVVLEOH WRDFTXLUHDQ\GDWDDSSOLFDEOH WRD UHDVRQDEOH
DVVHVVPHQWRIWKHVHYHUDQFH,WLVDPRGHOZKLFKLVQRWYHU\HDVLO\ LPSOHPHQWHGLQHJD
*,6 VHH HJ 5HKIHOG &  IRU VXJJHVWLRQV ,Q WKLV FDVH WKH VHYHUDQFH KDV EHHQ
DVVHVVHGXVLQJDSRLQWVFDOHVHHFKDSWHU7KHSRLQWVFDOHXVHGLQWKLVVWXG\IRUDYDULHW\
RIPRGHOVLVGLVFXVVHGLQVHFWLRQEHORZ
3DJH $SSHQGL[%
&ODXV5HKIHOG
 121&25(121675$7(*,&,03$&76
7KH QRQFRUH QRQVWUDWHJLF LPSDFWV %LPSDFWV FRQFHUQV WKHPRGH VSHFLILF DQG ¶VRIW·
LPSDFWV)RUURDGLQIUDVWUXFWXUHLVWKLVJURXSLVPDGHXSRILPSDFWV
• %'ULYHUFRQYHQLHQFH'&2
• %8UEDQTXDOLW\	ODQGVFDSH84/
7KH%LPSDFWVDFURVVDOOPRGHVDUHPDLQO\¶VRIW·PRGHVSHFLILFLPSDFWVEXWGRHVHTXDOO\
LQFOXGHDQDVVHVVPHQWRIWKHORFDOLPSDFWRQWKHXUEDQTXDOLW\DQGODQGVFDSH
)RUSDVVHQJHUFDUWUDQVSRUWWKHGULYHUFRQYHQLHQFHFRQFHUQVDYDULHW\RILVVXHVUHODWHGWR
WKH ¶VRIW· HOHPHQWV RI WUDQVSRUW 6RPHRI WKHVH HOHPHQWV DUH SXUHO\ GHVFULSWLYHZKHUHDV
RWKHUPD\EHDVVHVVHGE\PHDQVRIPRGHOV7KHGULYHUFRQYHQLHQFHFDQEHPDGHXSRI
• 5LGLQJTXDOLW\
 /RQJLWXGLQDOWUDYHUVLQJURDGVPRRWKQHVVH[SUHVVHGE\HJWKHULGLQJLQGH[VHHHJ+'0

• 9LVXDOHQYLURQPHQW
• $OLJQPHQWTXDOLWLHVRIWKHURDG
7KLVLPSDFWKDVQRWEHHQDVVHVVHGIRUWKHFDVHVWXG\GLVFXVVHGLQFKDSWHU
7KH XUEDQ TXDOLW\ DQG ODQGVFDSH LPSDFW FRYHU FKDQJHV WKDWPD\ RFFXU HLWKHU LQ XUEDQ
DUHDV DIIHFWLQJ WKH YLVXDO LPSDFW RU WKH DHVWKHWLFV RI WKH WRZQ VFDSH ZKLFK PD\ DJDLQ
LQIOXHQFH WKH FLW\ VWUXFWXUH ,Q UXUDO DUHDV WKH LPSDFW LV PDLQO\ GLUHFWHG DW WKH YLVXDO
GHJUDGDWLRQ RI WKH UXUDO HQYLURQPHQW 7KLV LPSDFW KDV QRW EHHQ DVVHVVHG IRU WKH FDVH
VWXG\GLVFXVVHGLQFKDSWHU
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
 675$7(*,&7(55,725,$/,03$&76
6WUDWHJLF WHUULWRULDO LPSDFWV DUH LPSDFWVZLWK WHUULWRULDO DIILOLDWLRQ7KLV JURXSRI LPSDFWV
LQYROYH HFRQRPLF GHYHORSPHQW VWUDWHJLF PRELOLW\ HIIHFWV LQFOXGLQJ DFFHVVLELOLW\ DQG
VWUDWHJLFHQYLURQPHQW0RGHOOLQJDSSURDFKHVWRWKHVHLPSDFWVDUHGLVFXVVHGRQO\EULHIO\
• &6WUDWHJLFPRELOLW\02%
• &6WUDWHJLFHQYLURQPHQW*/2
• &6WUDWHJLFHFRQRPLFGHYHORSPHQW(&2
 675$7(*,&02%,/,7<02%
0RELOLW\DQGDFFHVVLELOLW\DVGHILQHGE\.RHQLJ-*DQG'DOYL04LV
• $FFHVVLELOLW\ GHQRWHV WKH HDVHZLWKZKLFK DQ\ ODQGXVH DFWLYLW\ FDQ EH UHDFKHG
IURPDORFDWLRQXVLQJDSDUWLFXODUWUDQVSRUWV\VWHP
• 0RELOLW\GHQRWHVWKHHDVHZLWKZKLFKDQLQGLYLGXDOFDQPRYHDZD\IURPDORFD
WLRQXVLQJDSDUWLFXODUWUDQVSRUWV\VWHP
7KH876VWXG\DSSOLHGDQDFFHVVLELOLW\LQGLFDWRUEDVHGRQWKHSRWHQWLDOIRUKXPDQFRQWDFW
&KDWHOXV*	8OLHG$2QWKLVEDVLVVWUDWHJLFPRELOLW\PD\EHGHILQHGDV/HOHXU
HWDO
• 6WUDWHJLFPRELOLW\GHQRWHVWKHSRWHQWLDORURSSRUWXQLW\WKDWDQLQGLYLGXDOKDVLQ
UHDFKLQJVHOHFWHGODQGXVHDFWLYLWLHVXVLQJDSDUWLFXODUWUDQVSRUWV\VWHP
2QHVXFKPRGHO IRU WKH LQWHUQDWLRQDO OHYHO LV WKH32,17(5LQGH[ /HOHXUHW DO 
+RZHYHU WKLVPRGHO LVQRWGLUHFWO\ DSSOLFDEOH WR DQXUEDQDUHD ,WKDVEHHQEH\RQG WKH
UHVRXUFH DYDLODEOH WR LPSOHPHQW D ORFDO VWUDWHJLF PRELOLW\ PRGHO &RQVHTXHQWO\ D SRLQW
VFRUHDVGHVFULEHGLQVHFWLRQLVXVHGWRDVVHVVWKHVWUDWHJLFPRELOLW\LQWKHFDVHVWXG\
 675$7(*,&(19,5210(17(19
7KHVWUDWHJLFHQYLURQPHQWDOLPSDFWLVHVSHFLDOO\FRQFHUQHGZLWKWKHJUHHQKRXVHHIIHFWWKH
DFLGLILFDWLRQRI IRUHVWV HWF ,PSDFWV WKDW LI WKH\ZHUH WREHPRGHOOHG LQ GHWDLOZRXOGEH
TXLWH DGYDQFHG $ ORW RI UHVHDUFK HIIRUW KDV JRQH LQWR WKH DVVHVVPHQW RI WKH VWUDWHJLF
HQYLURQPHQWDO LPSDFWV WKHUH KDYH EHHQ IHZ SUDFWLFDO VXJJHVWLRQV ZLWK UHVSHFW WR WKH
PRGHOOLQJRI WKLV LPSDFW VHH HJ7KpULYHO HW DO 7KpULYHO5	3DUWLGiULR05
2(&'
7KHDGGLWLRQ WR WKHJUHHQKRXVH HIIHFW IURP URDG WUDIILFPDLQO\ VWHPVPDLQO\ IURP WKH
&2DQG+&DVGLVFXVVHGDERYH$V WKHHPLVVLRQRI&2 LV OLQHDUO\FRUUHODWHGZLWK WKH
HQHUJ\ FRQVXPSWLRQ WKH HQHUJ\ FRQVXPSWLRQ LV XVHG DV D SUR[\ IRU WKH VWUDWHJLF HQYL
URQPHQWDOLPSDFWLQWKHFDVHVWXG\6RIDUWKLVVHHPVOLNHWKHRQO\IHDVLEOHDSSURDFKIRU
SURMHFWDSSUDLVDO
 675$7(*,&(&2120,&'(9(/230(17(&2
7KHVWUDWHJLFHFRQRPLFGHYHORSPHQWLPSDFWLVEDVHGRQDQDVVHVVPHQWRIWKHYDOXHDGGHG
WRWKHQDWLRQDOHFRQRP\VWHPPLQJIURPWKHWUDQVSRUWLQIUDVWUXFWXUHLQYHVWPHQW:KHWKHU
VXFKDGGLWLRQDO LPSDFWVZLOO LQIDFWDFFUXH LQ LQGXVWULDOLVHGFRXQWULHVKDVEHHQD WRSLFRI
3DJH $SSHQGL[%
&ODXV5HKIHOG
VRPH FRQWURYHUV\ ,W KDV EHHQ EH\RQG WKH VFRSH RI WKLV VWXG\ WR DVVHVV WKLV LPSDFW
GLUHFWO\
&2:,VXJJHVWV WKHQHZO\JHQHUDWHG WUDIILF DV DSUR[\ IRU WKH LPSRUWDQFHRI SHULSKHUDO
DFFHVV WR DQ DUHD ZLWK D KLJK HFRQRPLF DFWLYLW\ IRU LQWHUQDWLRQDO WUDQVSRUW LQYHVWPHQWV
&KULVWHQVHQHWDO$V WKH WUDIILFPRGHO IRU WKH+DUERXU7XQQHOGLGQRW LQGLFDWH
LQGXFHGWUDIILFRIDQ\VLJQLILFDQWSURSRUWLRQVWKLVLPSDFWKDVEHHQVHWWR]HURLQWKHFDVH
VWXG\
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
 675$7(*,&1217(55,725,$/,03$&76
7KLVJURXSRILPSDFWVLVPDGHXSRILVVXHVWKDWKDYHVWUDWHJLFLPSRUWDQFHEH\RQGZKDWLV
FRYHUHG E\ WKH &LPSDFWV DQG PRUH VSHFLILFDOO\ ZLWKRXW DQ\ WHUULWRULDO DIILOLDWLRQ 7KH
LPSDFWVLQWKLVJURXSDUH
• '3ULYDWHILQDQFLDODWWUDFWLYHQHVV3)$
• '2WKHUVWUDWHJLFSROLF\DQGSODQQLQJLPSDFWV27+
7KH'LPSDFWV DUH PDGH XS RI WZRPDLQ LPSDFWV 7KHVH LQYROYH WKH SULYDWH ILQDQFLDO
DWWUDFWLYHQHVV RI D SURMHFW DQG WKRVH WKDW LQYROYH WHFKQRORJ\ GHYHORSPHQW ZKLFKPD\
UHODWHWRUDLOZD\DLUSRUWVWUDQVSRUWWHOHPDWLFVRULQWHUPRGDOLQIUDVWUXFWXUHGHYHORSPHQW
%RWKWKHVHLPSDFWVPXVWEHDVVHVVHGWKURXJKDSRLQWVFDOHUHOHYDQWWRHDFKSURMHFW7KH
WHFKQRORJ\ GHYHORSPHQW KDV EHHQ GLVUHJDUGHG LQ WKLV FDVH DV WKH +DUERXU 7XQQHO LV
XQOLNHO\WRHQWDLODQ\WHFKQRORJLFDOGHYHORSPHQWV
7KH3ULYDWH)LQDQFLDO$WWUDFWLYHQHVVRIWKH+DUERXU7XQQHOPD\KRZHYHUEHVLJQLILFDQWDV
ERWKWKHRZQHURIODQGRQWKH5HIVKDOH,VODQGDQGWKH3RUWRI&RSHQKDJHQDUHLQWHUHVWHG
LQWKHFRQVWUXFWLRQRIDWXQQHOXQGHUWKHKDUERXUVHHFKDSWHU
 32,176&$/(6)257+($66(660(172)12102'(//(',03$&76
7KHLPSDFWVLQFOXGHGLQWKHDQDO\VHVRIWKH+DUERXU7XQQHOZKHUHDPRGHOOLQJDSSURDFK
KDV QRW EHHQ DYDLODEOH KDYH EHHQ DVVHVVHG WKURXJK D SRLQW VFDOH 7KLV SRLQW VFDOH LV D
GLVFRQWLQXRXVVFDOHIURPWRZKHUHPHDQVYHU\ODUJHLPSURYHPHQWFRPSDUHGWRWKH
GRPLQLPXPDQGWKDWWKHUHLVQRGLIIHUHQFH7KHLQWHUSUHWDWLRQLVIRXQGLQEHORZ
7DEOHEHORZ
7DEOH 3RLQWVFDOHXVHGIRUWKHDVVHVVPHQWRIQRQPRGHOOHGLPSDFWV
9$/8( ,17(535(7$7,21
 /DUJHGHWHULRUDWLRQ
 0HGLXPGHWHULRUDWLRQ
 /LWWOHGHWHULRUDWLRQ
 1R&KDQJH
 /LWWOHLPSURYHPHQW
 0HGLXPLPSURYHPHQW
 /DUJHLPSURYHPHQW
3DJH $SSHQGL[%
&ODXV5HKIHOG
 /,7(5$785(
%HQGWVHQ+	0DGVHQ-/9HMWUDILNRJOXIWIRUXUHQLQJ²HQJUXQGERJ9HMGLUHNWRUDWHW
5DSSRUW
%UX]HOLXV17KHYDOXHRIWUDYHOWLPH²7KHRU\DQGPHDVXUHPHQW&URRP+HOP/RQGRQ
&(&D&RPPLVVLRQRI WKH(XURSHDQ&RPPXQLWLHV(85(7²7UDQVSRUW UHVHDUFK²
&RVW%HQHILWDQG0XOWL&ULWHULD$QDO\VLVIRU1HZ5RDG&RQVWUXFWLRQ%UXVVHOV'*9,,
&KDWHOXV * 	 8OLHG $  8QLRQ 7HUULWRULDO 6WUDWHJLHV OLQNHG WR WKH 7UDQV(XURSHDQ
7UDQVSRUWDWLRQ1HWZRUNV,15(76	0&5,7IRU WKH&RPPLVVLRQRI WKH(XURSHDQ&RP
PXQLWLHV'*9,,
&KULVWHQVHQ HW DO &KULVWHQVHQ 62 -¡UJHQVHQ &+ /DXUVHQ 8%	 3HGHUVHQ
.67KH(YDOXDWLRQRI&RPPXQLW\%HQHILWVLQ7UDQVSRUW3URMHFWV)LQDO5HSRUW9ROXPH,,,&2:,
SUHSDUHGIRUWKH&RPPLVVLRQRIWKH(XURSHDQ&RPPXQLWLHV
'DOYL04%HKDYLRXUDOPRGHOOLQJDFFHVVLELOLW\PRELOLW\DQGQHHG&RQFHSWVDQGPHDVXUHPHQWV
%HKDYLRXUDO7UDYHO0RGHOOLQJ&URRP+HOP/RQGRQ
'DQPDUNV6WDWLVWLN7UDQVSRUWVWDWLVWLN'DQPDUNV6WDWLVWLN
'DQPDUNV6WDWLVWLN6WDWLVWLVNWLnUVRYHUVLJW'DQPDUNV6WDWLVWLN
+'07KH+LJKZD\'HVLJQDQG0DLQWHQDQFH6WDQGDUGV0RGHO²9ROXPH²'HVFULSWLRQRI
WKH +'0,,, 0RGHO :RUOG %DQN 3XEOLFDWLRQV 7KH -RKQV +RSNLQV 8QLYHUVLW\ 3UHVV
%DOWLPRUHDQG/RQGRQ
.LDVHWDO.LDV85LKP%	6FKPXFNL&/lUPLQUHJLRQDOHQ0DVVVWDE²(LQ
FRPSXWHUSURJUDPP]XULQWHJUDOHQ(UPLWWOXQJYRQUHJLRQDOHQ/lUPLPPLVVLRQHQ6FKZHL]HU,QJHQLHXU
XQ$UFKLWHNW1U)HEUXDU
.¡EHQKDYQV.RPPXQHE7UDILNRJPLOM¡SODQIRU.¡EHQKDYQ.¡EHQKDYQV.RPPXQH
2YHUERUJPHVWHUHQVDIGHOLQJ
.RHQLJ-*,QGLFDWRUVRIXUEDQDFFHVVLELOLW\7KHRU\DQGDSSOLFDWLRQ7UDQVSRUWDWLRQYRO
QR-XQH
/HOHXU HW DO  /HOHXU 6 .URQEDN - 5HKIHOG & 	 &2:, $WWDFKPHQW UHSRUW WR
(81(7 ' ,QQRYDWLRQV LQ GHFLVLRQ DQDO\VLV ² (81(7 7UDQVSRUW (YDOXDWLRQ )UDPHZRUN
,QVWLWXWHRI3ODQQLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN)HEUXDU\
/HOHXU 6  9XUGHULQJVPHWRGHU )URP 9HMWDILN ² 7UDILNWHNQLN 	 7UDILNSODQO JQLQJ
/DKUPDQQ+	/HOHXU6HGV3RO\WHNQLVN)RUODJSS
0LOM¡VW\UHOVHQ0LGGHOIDUWVW¡MNRUWO JQLQJPHG*,6%%5$UEHMGVUDSSRUWIUD0LOM¡VW\UHO
VHQ1U0LOM¡RJHQHUJLPLQLVWHULHW
1DWXUYnUGVYHUNHW%HUlNQLQJVPRGHOOI|UYlJWUDILNEXOOHU5HYLGHUDG1DWXUYnUGVYHU
NHW
1HOOWKRUSHWDO1HOOWKRUS-%ULVWRZ$	0DFNLH39DOXLQJ WKH FRVWVDQG
EHQHILWV LQ(XURSHDQ WUDQVSRUW DSSUDLVDO 375&$QQXDO0HHWLQJ 3URFHHGLQJV RI 6HPLQDU(
SS
,PSDFWPRGHOOLQJDSSURDFKHV 3DJH
&ODXV5HKIHOG
2(&' (QYLURQPHQWDO LPSDFW DVVHVVPHQW RI URDGV 5RDG 7UDQVSRUW 5HVHDUFK2(&'
3DULV
3/$1&2  0DFURHFRQRPLF HYDOXDWLRQ RI WUDQVSRUW LQIUDVWUXFWXUH LQYHVWPHQWV (YDOXDWLRQ
JXLGHOLQHV IRU WKH IHGHUDO WUDQVSRUW LQYHVWPHQW SODQ  3/$1&2&RQVXOWLQJ*PE+ (VVHQ
;;;
3/$1&2(81(7:3&RVWVRI7UDQVSRUW'3/$1&2&RQVXOWLQJ*PE+
(VVHQ
5HKIHOG & $SSOLFDWLRQ RI *,6 LQ WUDIILF SODQQLQJ ² :LWK D VSHFLDO HPSKDVLV RQ ORFDO
HQYLURQPHQWDOHIIHFWV3DSHU,QVWLWXWHRI5RDGV7UDIILFDQG7RZQ3ODQQLQJ7HFKQLFDO
8QLYHUVLW\RI'HQPDUN
5HKIHOG & 8VLNNHUKHGVDQDO\VH L IRUELQGHOVH PHG EHVOXWQLQJVSURFHVVHU IRU WUDILNLQYHVWHULQJHU
7UDILNGDJHSn$DOERUJ8QLYHUVLWHW6XSSOHPHQWVUDSSRUWSS
5HKIHOG &  7UDILN¡NRQRPLVNH RJ PLOM¡PDVVLJH NRQVHNYHQVHU YHG +DYQHWXQQHOSURMHNWHW
7UDILNGDJHSn$DOERUJ8QLYHUVLWHW.RQIHUHQFHUDSSRUWSS
7KpULYHOHWDO7KpULYHO5:LOVRQ(7KRPSVRQ6+HDQH\'	3ULWFKDUG'
6WUDWHJLFHQYLURQPHQWDODVVHVVPHQW(DUWKVFDQ3XEOLFDWLRQV/WG/RQGRQ
7KpULYHO5	3DUWLGiULR057KHSUDFWLFHRI VWUDWHJLF HQYLURQPHQWDODVVHVVPHQW(DUWK
VFDQ3XEOLFDWLRQV/WG/RQGRQ
9'6W¡MKHQV\QYHGQ\HYHMDQO J1RLVHFRQVLGHUDWLRQVDWQHZURDGLQIUDVWUXFWXUH9HMUHJHOXG
YDOJHW
9' D' N  9HMEDQHVW¡M (Q XQGHUV¡JHOVH DI XGYDOJWH GDQVNH YHMEHO JQLQJHU 7\UH  5RDG
VXUIDFH QRLVH $ UHYLHZ RI VHOHFWHG 'DQLVK URDG VXUIDFHV 9HMGDWDODERUDWRULHW 0LOM¡VW\UHOVHQ
5HSRUW
9'E7UDILNVLNNHUKHG9XUGHULQJDILQGGHOLQJLDSW\SHUWLOEUXJYHGVRUWSOHWXGSHJQLQJ7UDILN
VDIHW\(YDOXDWLRQ RI WKH FDWHJRULVDWLRQ  LQWR DSW\SHV IRU WKH XVH LQ EODFNVSRW GHWHFWLRQ 5HSRUW 
9HMGLUHNWRUDWHW
9'8QGHUV¡JHOVHDIVW¡UUHKRYHGODQGHYHMVDUEHMGHU²0HWRGH IRU HIIHNWEHUHJQLQJHU RJ ¡NRQRPLVN
YXUGHULQJNRQRPLVN6WDWLVWLVN$IGHOLQJ9HMGLUHNWRUDWHW
9' 8QGHUV¡JHOVH DI VW¡UUH KRYHGODQGHYHMVDUEHMGHU0HWRGH IRU HIIHNWEHUHJQLQJHU RJ ¡NRQRPLVN
YXUGHULQJ (YDOXDWLRQ RI+LJKZD\ ,QYHVWPHQW 3URMHFWV 5HYLHZ RI $SSUDLVDO 0HWKRGRORJ\ NRQR
PLVN6WDWLVWLVN$IGHOLQJ9HMGLUHNWRUDWHW
9'7UDILN¡NRQRPLVNHHQKHGVSULVHU9HMGLUHNWRUDWHW6HNWRUSODQDIGHOLQJHQ
3DJH $SSHQGL[%
&ODXV5HKIHOG
&ODXV5HKIHOG
$33(1',;&
 620(5(68/76)5207+($33/,&$7,21(;$03/(
7KLV DSSHQGL[ FRPSULVHV D VHOHFWLRQ RI PDSV LOOXVWUDWLQJ WKH FDVH VWXG\ GLVFXVVHG LQ
FKDSWHU7KHPDSVZLOOUHIHUWRWKHIRXUSURMHFWDOWHUQDWLYHVDQGWKH WZRGRPLQLPXP
DOWHUQDWLYHV7KHSURMHFWDOWHUQDWLYHVDUHVHHQEHORZ
)LJXUH 7KHSURMHFWDOWHUQDWLYHVDSSUDLVHGLQWKHFDVHVWXG\
7KHDUHWZRVHSDUDWHDOLJQPHQWVRIWKHSURMHFWDOWHUQDWLYHV2QHSURMHFWDOWHUQDWLYHZKLFK
FRQWLQXHVDORQJ$PDJHU6WUDQGYHMFDQGDQRWKHUSURMHFWDOWHUQDWLYHZKLFKZLOOEHSDUW
RID5LQJURDGDURXQG&RSHQKDJHQD(DFKRIWKHSURMHFWDOWHUQDWLYHVLVFRPELQHGZLWK
DWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQG	E
7KH WKUHH ILJXUHV LOOXVWUDWLQJ WKH WUDIILF IORZV VWHP IURP WKH UHSRUW E\1LHOVHQ1LHOVHQ
DQG ,VUDHOVHQ  ZKHUHDV DOO WKH LPSDFW PRGHO UHVXOWV DUH IURP WKLV VWXG\ 2QO\ D
OLPLWHG DPRXQW RI WKH DYDLODEOH PDSV KDYH EHHQ SURYLGHG DV WKH RQHV IRXQG RIIHU DQ
RYHUYLHZRIWKHVSDWLDOGLVWULEXWLRQRIVRPHRIWKHLPSDFWV
3DJH $SSHQGL[&
&ODXV5HKIHOG
)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQLQ'RPLQLPXP²D
Do-minimum
0a
Traffic flow
[Thousand vehicles per hour]
6RPHUHVXOWVIURPWKHDSSOLFDWLRQH[DPSOH 3DJH
&ODXV5HKIHOG
)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHF
LQ
Amager Strandvej
alternative
2c
Traffic flow
[Thousand vehicles per hour]
3DJH $SSHQGL[&
&ODXV5HKIHOG
)LJXUH 0RGHOOHGWUDIILFIORZLQWKHFHQWUDOSDUWRI&RSHQKDJHQIRUWKH5LQJURDGDOWHU
QDWLYHDLQ
Ring road
alternative
4a
Traffic flow
[Thousand vehicles per hour]
6RPHUHVXOWVIURPWKHDSSOLFDWLRQH[DPSOH 3DJH
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12;IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHFIRUWKH\HDU

)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12;IRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHGIRUWKH\HDU
ZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQ
3DJH $SSHQGL[&
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQDLUSROOXWLRQH[SRVXUH12;IRUWKH5LQJURDGDOWHUQDWLYHDIRUWKH\HDU
)LJXUH 7KHFKDQJH LQDLUSROOXWLRQH[SRVXUH12; IRU WKH5LQJURDGDOWHUQDWLYHE IRU WKH\HDU 
ZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQ
6RPHUHVXOWVIURPWKHDSSOLFDWLRQH[DPSOH 3DJH
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU6%7IRUWKH
$PDJHU6WUDQGYHMDOWHUQDWLYHF
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU6%7IRUWKH
$PDJHU6WUDQGYHMDOWHUQDWLYHGZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHG
WRWKHGRPLQLPXPD
3DJH $SSHQGL[&
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU6%7IRUWKH
5LQJURDGDOWHUQDWLYHD
)LJXUH 7KHFKDQJHLQWKHQRLVHLPSDFWPHDVXUHGE\WKHFKDQJHLQWKHQRLVHORDGQXPEHU6%7IRUWKH
5LQJURDGDOWHUQDWLYHEZLWKDWUDIILFFDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHGWRWKH
GRPLQLPXPD
6RPHUHVXOWVIURPWKHDSSOLFDWLRQH[DPSOH 3DJH
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH$PDJHU6WUDQGYHMDOWHUQDWLYHF
)LJXUH 7KHFKDQJH LQ WKHQXPEHURI DFFLGHQWV IRU WKH$PDJHU 6WUDQGYHM DOWHUQDWLYH GZLWK D WUDIILF
FDOPLQJVFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXPE
3DJH $SSHQGL[&
&ODXV5HKIHOG
)LJXUH 7KHFKDQJHLQWKHQXPEHURIDFFLGHQWVIRUWKH5LQJURDGDOWHUQDWLYHD
)LJXUH 7KHFKDQJH LQWKHQXPEHURIDFFLGHQWV IRU WKH5LQJURDGDOWHUQDWLYHGZLWKD WUDIILF FDOPLQJ
VFKHPHLQFHQWUDO&RSHQKDJHQFRPSDUHGWRWKHGRPLQLPXPE
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